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Abstract
This research study investigated the anthropogenic contamination of water sources (surface, 
groundwater and tap water) in Kaduna metropolis, Nigeria. The water sources were 
identified and delineated on the basis of land use; domestic, commercial, agricultural, 
industrial and refinery areas. The water sampling programme was undertaken from 2009 to
2011 in accordance with the Standard Methods (APHA, 2005) covering hand dug wells, 
streams and rivers. Water samples were analysed for various water quality parameters, 
including pH, temperature, electrical conductivity, total dissolved solids, dissolved oxygen, 
biochemical oxygen demand and faecal coliforms. Also analysed were trace element levels 
by inductively coupled plasma mass spectrometry (ICP-MS). The results were compared with 
drinking water guideline legislations of relevant agencies and governments. Groundwater 
samples were found to be most contaminated with microbiological coliforms from the 
improper disposal of domestic sewage and the proximity of these water wells to the sewage 
points. Surface water (streams and rivers) were found to be more chemically contaminated 
than groundwater due to urban run-off and the discharge of solid wastes. In general, trace 
elements (As, Mo, Se, Cd, Sb & Pb) levels were found to be generally below the guideline 
limits of the regulatory bodies with the exception of Mn near textile industries; Ni near 
vehicle assembly plant and Cu & Zn were higher in tap water. The determination of 
anthropogenic water contamination led to the selection and design of a multi stage filtration 
system to treat water at point of use for residents without access to potable water. 
Experiments at pilot scale were undertaken using raw and chemically modified lake water. 
The results showed that this basic filtration system was capable of reducing the turbidity and 
faecal coliform levels of the lake water. Furthermore, Al, Mn and Fe levels were reduced. 
The pilot filtration system was scaled-up for field application in Kaduna, Nigeria (December
2012 to March 2013). Five filtration plants were established to treat raw water from domestic 
and commercial ground/surface waters, and industrial surface water of the Nigerian study 
area. The results showed that it is not capable of providing water that is completely potable 
but can produce water that is, to a great extent treated for turbidity and bacterial 
contamination better than the water available for domestic use by people in low income 
bracket and those in emergency situations such as aftermath of natural disasters e.g. Typhoon 
Haiyan.
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Chapter One
Introduction
1 Introduction
The importance of water to living things and to the health and development of people cannot 
be over-emphasised. Water is vital for the sustenance of life. In addition it is essential to 
provide ‘safe’ water to human and animal populations so as to eliminate or reduce the many 
diseases associated with water (WHO, 2011a). Studies have shown that water contamination 
can result from natural causes such as increase in turbidity levels due to torrential rainfall, 
erosion and landslides causing flooding and dissolved oxygen depletion (Meybeck et a l, 
1996). Furthermore, water quality can be influenced by anthropogenic factors, such as the 
still felt consequences of the 1953 methyl mercury pollution in Minamata, Japan (Sakamoto 
et al, 2001 and Ekino et a l, 2007) and microbial contamination of water (Fawell and 
Nieuwenhuijsen, 2003). Water contamination may also result from poor handling, 
transportation and storage of potable water (Lavanya and Ravichandran, 2013). Some studies 
have reported an improvement in water quality with regard to the incidence of diarrhoea due 
to the use of water treatment facilities, especially associated with the household (point of use, 
POU) (Sobsey, 2002). In addition, improvements in the handling and storage of water have 
helped reduce or eliminate many water-borne diseases (Fextrell et a l, 2005; Clasen and 
Schmidt, 2007).
Africa in general and Nigeria in particular are characterised by the developmental problems 
prevalent in other parts of the developing countries. These problems arise from increases in 
population, urbanisation and development through industrialisation. These demands on finite 
resources, such as land and water, lead to the depletion and contamination of these resources 
(Ukwe and Ibe, 2010). Natural water contamination in Nigeria and Africa are as found in 
other parts of the world. They are caused by excessive torrential rainfall which may generate 
erosion, landslides, flooding which in turn increases turbidity levels, suspended materials and 
dissolved oxygen depletion (Meybeck et a l, 1996, Gray, 2002). Groundwater contamination 
may also relate to an excess of water hardness and the presence of iron, manganese and other 
dissolved solids (Purcell, 2003).
Anthropogenic causes of water contamination relating to domestic and municipal discharges 
result in bacteriological contamination with the presence of coliforms such as faecal 
coliforms and E coli (Ntewengwe, 2006; Yillia et a l, 2008); agricultural activities with the 
release of contaminants such as nitrates and DDT (Bamhoom et al, 2009; Sail and
Vanclooster, 2009); industrial effluents (Nyamangara et al., 2008; Yusuf, 2007) and trace 
elements in water (Asubiojo et al., 1997; Asante et al, 2007). A selection of studies on water 
contamination in Africa is presented in Table 1-1.
Table 1-1 Studies on Water contamination in Africa
Author (s)
Study area, country Types of 
contaminants
Points of 
contamination
Ntewengwe 
et al, 2006
Kitwe stream, Kitwe 
city, Zambia
BOD, S O / , NO3  
coliforms and metals
Stream water quality 
affected by human 
activities with 
contaminant levels 
exceeding maximum 
limits
Asante et al, 
2007
Mining town of 
Tarkwa, Ghana
Trace elements Presence above 
WHO Guidelines and 
limits in Accra with 
no mining activities
Bordalo and Sawa- 
Bordalo, 2007
Bolama island 
(shallow wells)
Guinea- Bissau
NO3  NO2 ,
NHsLc / L  C/+
79% of wells have 
moderate to heavy 
contamination
Hafez et a l, 2008 El-Salaam canal 
project, Sinai II,
Egypt
BOD, COD, TDS, 
CaC0 3 ,N+,
of
High levels recorded. 
BOD & COD 
decreased
downstream but TDS 
fluctuated
Musamba and 
Mazvimavi, 2008
Thamalakane-Boteli 
river Botswana
Trace elements, 
turbidity
Seasonal variations 
with high levels 
during flood and 
summer
Nyamangara 
et a l, 2008
Waterfalls stream 
and lower Mukuvisi 
river, Harare
Zimbabwe
Trace elements, BOD Contamination of the 
river caused by 
industrial than 
domestic effluents
Key: BOD- Biochemical oxygen demand, COD- Chemical oxygen demand, TDS- Total dissolved 
solids, WHO- World Health Organisation.
Table 1-1 Studies on Water contamination in Africa continued
Author (s)
Study area, 
Country
Types of 
contaminants
Points of 
contamination
Bamhoom et al, 
2009
Limpopo province 
South Africa
DDT Presence of DDT and 
its metabolite 
residues DDT,DDD 
and DPE
Sail and Vanclooster, 
2009
Niayes region from 
Dakar to Saint- Louis
Senegal
pH, EC, temperature, 
NO3"
Nitrate
contamination which 
decreased with depth 
but with increasing 
salinity
Ukwe and Ibe, 2010 Guinea region 
(coastlines of 16 west 
and central African 
countries)
Industrial effluents 
and transportation of 
municipal discharges
High rates of 
population and 
urbanization causing 
domestic and 
industrial sewage, oil 
exploration and 
exploitation
Ali et al., 2011 River Nile around 
Cairo, Egypt
Temperature, 
EC,TDS, BOD, COD
The river around 
Cairo was under 
pollution stress from 
agro-industrial and 
tourist activities
Key:-
DDD -  dichlorodiphenyldichloroethane, DDT -  dichlorodiphenyltrichloroethane, DPE -  diphenyl 
ether, EC- electrical conductivity, TDS -  total dissolved solids, BOD -  biochemical oxygen demand, 
COD -  chemical oxygen demand
Table 1-2 presents a selection of studies on water contamination carried out in the study area 
and the country in general. Also presented in Table 1-3 are some studies carried out in Africa 
and Nigeria on water contamination and resultant diseases.
Table 1-2 Studies on water contamination in Nigeria
Author (s) Study area, 
country
Types of 
contaminants
Points of contamination
Asubiojo et al, 
1997
Southern Nigeria Trace eleements Elemental levels below WHO 
maximum allowable concentrations 
except Cd, Se and Cr
Kendirim, 2005 Kangimi
reservoir, Kaduna 
State
pH, EC, temperature, 
NO3 -N, PO4 -P, 
hardness
Most parameters have levels within 
WHO Guidelines
Arimoro et ah, 
2007
Orogodo river. 
Delta State
EC, BOD, COD, pH, 
NO3 -N, P O /
Levels of contaminants higher 
downstream than upstream of the 
river
Adefemi et al., 
2007
Major dams in 
Ekiti State
Temperature, pH, 
EC, Cl, NO3", 
hardness & heavy 
metals
Parameters have limits within WHO 
Guidelines
Adekunle et al, 
2007
Igbara, Oyo State TDS, BOD, COD, 
coliforms, NO3 , 
P O /, SO/", Cu"\ 
Cd^\ Pb^ ^
Levels of Pb, Cd and coliforms 
above WHO and FEPA limits in 
sample points near residences and 
pollution sources
Adeyemi et al., 
2007
Ojota, Lagos 
State
BOD, COD, Pb"\ 
Cd,^  ^Cr^ ^
Contamination of groundwater of 
the area surrounding the leachate
Ejechi et al., 
2007
Niger Delta pH, TDS, EC, 
coliforms
Coliform levels above WHO limits 
exacerbated by rapid urbanisation 
due to the oil production
Nduka and 
Orisakwe, 2007
Warri, Delta State TDS, BOD, COD, 
coliforms, Cd^ ,^ Cr ,^ 
Pb^ ,^ Mn^^
Most parameters levels were above 
WHO limits with heavy metals 
lowest in bore hole water samples
Osibanjo and 
Adie, 2007
Oshunkaye street, 
Ibadan, Oyo State
TSS, COD, trace 
elements oil and 
grease
Upstream water slightly 
contaminated with levels above 
Nigerian Standards
Yusuf, 2007 Lagos State TDS, NO3-, P O /, 
SO/', Ca"\ Mg,"+ 
K% Na% Pb, Zn
Most parameters were above WHO 
limits due to sewage and industrial 
effluents
Key: BOD- Biochemical oxygen demand, EC- Electrical conductivity, COD- Chemical oxygen 
demand, FEPA- Federal Environmental Protection Agency (Nigeria), TDS- Total dissolved solids, 
TSS- Total suspended solids, WHO- World Health Organisation.
Table 1-2 Studies on water contamination in Nigeria continued
Author (s) Study area, 
country
Types of 
contaminants
Points of contamination
Adebowale et al, 
2008
Ondo State 
coastal waters
BOD, COD, Cl, 
s o / ,  NO3 -N, P O /,
M n / F e /  C u / 
Zn^ ,^ oil and grease
Contamination of the coastal waters 
due to anthropogenic and natural 
causes
Mustapha, 2008 Oyun reservoir, 
Offa, Kwara State
pH, EC, IDS, NO3-, 
P O /  COD, C a /  
Mg"\ S /
There is a threat of eutrophication 
due to agriculture and livestock 
rearing even though the water 
quality is good at the moment
Omo- Irabor et 
al, 2008
Western Niger 
Delta
Vegetation, 
suspended solids
Water quality was affected by both 
anthropogenic and natural factors 
such as vegetal effect and soil- 
groundwater interaction
Table 1-3 Studies on water contamination in Africa and Nigeria and resultant diseases.
Authors Location Nature of 
contaminants
Source of 
contaminants
Point of 
contamination
Diseases
Reimann
et al.,
(2003);
Tekle-
Haimanot
et al.,
(2006)
Rift valley, 
Ethiopia
Chemical
(fluoride)
Water wells, 
springs, rivers
Groundwater
(natural),
industrial
Fluorosis
Nriagu et 
a l, (1997)
Kaduna,
Nigeria
Lead Automobiles 
with leaded 
gasoline
Industrial,
transportation
Lead
poisoning with 
high blood 
lead levels
Nriagu et 
a l, (2008)
Ibadan,
Nnewi,
Port
Harcourt,
Nigeria
Lead Automobiles 
with leaded 
gasoline, local 
water supplies
Industrial,
transportation,
commercial
Lead
poisoning with 
high blood 
lead levels, 
malaria
Table 1-3 Studies on water contamination in Africa and Nigeria resultant diseases continued
Authors Location Nature of 
contaminants
Source of 
contaminants
Point of 
contamination
Diseases
Oguntoke 
et al, 
(2009)
Ibadan,
Nigeria
Bacteriological 
in water
Water wells, 
boreholes, 
rain water
Chemical,
sewage
Vibrio cholera, 
Salmonella 
typhi, typhoid 
fever, bacillary 
and amoebic 
dysentry
Shittu et 
a l, (2008)
Abeokuta,
Nigeria
Bacteriological 
in water
Water wells,
streams,
rivers
Industrial,
commercial
Pseudomonas 
sp, E coli, 
Enterobacter 
aerogenes, 
Staphylococcus 
typhosa. 
Shigella sp. 
Vibrio cholera, 
Proteus sp, 
Klebsiella sp.
Egwari
and
Aboaba,
(2002)
Lagos,
Nigeria
Bacteriological 
in water
Water wells, 
boreholes, 
pipe -  home 
coimections
Domestic,
transport,
drainage.
E coli, 
Aeromonas 
hydrophila. 
Salmonella sp,
1.1 Problem Statement
The centrality of water, sanitation and hygiene to the lives of people has been reflected in 
many international forums, such as the United Nations General Assembly’s declaration that 
safe and clean drinking water is a human right (WHO, 201 la).
Kaduna Metropolis, Nigeria, being an urban agglomeration, is typical of developing countries 
being characterised by (1) fast growth in the twin phenomena of population and urbanisation:
(2) has problems of access to adequate, potable water due to the demand outstripping supply 
for hundreds of thousands of residents who are outside the central water treatment and 
distribution system. That necessitated the need for decentralised provision of water supply at 
community or household levels.
1.2 Justification of the Study
This research study is justified on the following grounds:
• globally over 80% of infectious diseases are traceable to insufficient and unsafe water 
(WHO, 2009);
• globally over 3.8 million deaths, mostly children arise from drinking unsafe water 
(UNICEF, 2010);
• Kaduna Metropolis has grown more than doubled in the last three decades and those 
areas are outside of the central water treatment and distribution system;
this point of use (POU) water system will be able to bridge the gap in the provision of 
potable water to the teaming population that lack it; and
• the health and other benefits derivable fi'om using safe and clean water especially by 
the low income earners in the study area.
1.3 Aims of the Research
The aims of the research are:
(a) to assess the impact of anthropogenic activities on the contamination of surface 
and groundwater sources in Kaduna Metropolis, Nigeria; and
(b) to devise point of use (POU) based means for the provision of potable water.
1.4 Objectives of the Research
In order to achieve Aim (a) the following objectives will be considered:
• to delineate the study area on the basis of land use types for the purpose of a water 
sampling programme;
• to collect and analyse samples for the determination of physical, chemical, 
microbiological parameters and trace elements in relation to drinking water 
quality;
• to determine the levels of contamination of these parameters on the water 
resources of the study area; and
• to determine the types of anthropogenic activities responsible for most of the 
contamination sources.
In order to achieve Aim (b) the following objectives will be considered:
• to design, construct and operate a laboratory scale multi- stage slow sand filtration 
system for use at the household level (point of use, POU);
• to monitor the system and to determine the quality of produced filtrate and when 
the system becomes due for cleaning;
• to design, construct and operate the system in the field (Kaduna Metropolis) in
accordance with the first two objectives in Aim (a) above;
• to determine its ability to filter raw water and when it is due for cleaning due to
breakthrough or dirt accumulation; and
• to determine other possible cost effective water treatment systems at the point of
use (POU).
1.5 Thesis Organisation
The thesis is organised under seven chapters. The following is the outline of the chapters.
Chapter One -  Introduction. This chapter introduces the entire thesis beginning with 
the background issues in water contamination; problem statement, justification of the 
study and aims and objectives of the research.
Chapter Two -  Literature Review. This chapter discusses the concepts relevant to 
water studies. These include sources of water and different types and sources of water 
contamination. It also reviews the literature based on the different types of water 
treatment with an emphasis on biosand filtration at the level of point of use. The chapter 
also reviews the drinking water quality guidelines and standards of international 
organisations such as the World Health Organisation, the European Commission and 
some nations including Nigeria.
Chapter Three -  Experimental Programme. This chapter is divided into two parts. The 
first part is the description of the study area in all its aspects such as position, location and
history to the present. The second part is on the sampling, laboratory and analytical 
programmes used.
Chapter Four -  Results and Discussion -  Evaluation of Surface and Groundwater 
Quality in Kaduna Metropolis, Nigeria (2009-2011). These studies were carried out in 
the study area relating to the assessment of water contamination caused by anthropogenic 
activities.
Chapter Five -  Results and Discussion -  Laboratory Pilot Scale Studies, Multi Stage 
Filtration System (2012). The results obtained from the multi-stage filtration system 
undertaken in the Microbiology Laboratory, Centre for Environmental and Health 
Engineering, University of Surrey using a University lake samples as raw and chemically 
modified water.
Chapter Six -  Results and Discussion -  Performance Evaluation of Multi Stage 
Filtration System in Kaduna Metropolis, Nigeria, Field Applications (2012-2013).
The results obtained from the field applications using the multi- stage filtration system in 
relation to different land use types in the study area.
Chapter Seven -  Summary, Conclusions, Comparisons and Recommendations for 
Future Work. This chapter undertakes the summary, conclusion and comparisons of the 
main findings of the research as written in the thesis and recommendations for further 
research.
References
Appendix A -  This presents the raw data and results of statistical analyses of the research 
study.
Appendix B -  This presents pictorial evidences of sample points, multi-stage filtration 
system centres and the laboratories used in the course of the research work.
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Chapter Two
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2 Literature Review
2.1 Introduction
This chapter deals with an explanation of the concepts associated with water such as the 
water cycle, different sources and water quality parameters. In addition, a review will be 
made of the standards and guidelines relating to drinking water quality reported by various 
national and international organisations. This chapter also reviews the literature in terms of 
possible sources of water contamination and the potential use of a multi-stage slow sand 
filtration for water treatment at the point of use (POU) or household level.
2.2 W ater Cycle
The total volume of water in the world is constant. There are, however, constant changes in 
its quality and availability. Water is thus being constantly recycled. The transfer of water 
between the atmosphere and the land/water surfaces is carried out through the hydrologie 
cycle or water cycle (Gray, 2002). The main force driving this circulation is solar energy. 
There are four areas of the water cycle critical to the development and management of water 
resources. They are precipitation, evaporation, surface river flow and groundwater (Purcell, 
2003). The water cycle is continuous and interminable. It is assumed to start with the 
evaporation of water fi'om water bodies (lakes, rivers, oceans etc.) and transpiration of 
groundwater through plants. After condensation in the atmosphere due to lower temperatures 
water would return to the planet surface as precipitation (rain, hail or snow).
The part of precipitation that is not evaporated back to the atmosphere accumulates as surface 
water. Consequently it generates groundwater as a result of infiltration and percolation 
through the soil profile (Salvato et al., 2003). The part of precipitation which is not returned 
through the processes of évapotranspiration, and does not generate groundwater, is referred to 
as runoff. It is also called effective rainfall (Purcell, 2003). The global hydrologie cycle can 
be categorised into the atmospheric, the surface and the sub-surface water systems (Mays, 
2001). A typical diagram of water cycle is shown in Figure 2-1.
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Figure 2-1 Diagram of water cycle
Ref: http://pmm.nasa.gov/educatioii/water-cycle
2.3 Sources of Water
The nature and quality of water depends on factors such as geology, atmospheric deposition 
and human activities such as agriculture, industrial and urban runoff. These in turn affect the 
chemical and physical properties of water thereby causing the potential contamination of 
water (Gray, 2002). Groundwater is connected to surface water sources. This interaction is 
accomplished through the abstraction of groundwater to the surface and the addition of 
surface water to groundwater sources through infiltration and artificial recharge (Pennington 
& Cech, 2010). Groundwater is often less polluted due to the soil profile that acts as barrier 
against contaminants from the ground surface. Due to these reasons it requires little or no 
treatment compared with surface water which often needs extensive treatment (Henry and 
Heinke, 1996).
2.3.1 Surface water
Water bodies that are either flowing or standing on the surface are referred to as surface 
water. These comprise of water bodies such as rivers, lakes which are fresh water bodies and 
estuaries and oceans which are characterised by brackish and salty waters. Amongst the fresh 
water bodies rivers and streams are characterised by water flow downstream in response to 
gravity, whilst lakes on the other hand being non-flowing are restricted to the influence of 
wind (de Moel, et al., 2006).
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Surface waters originate from one or more of the following sources -  (a) direct precipitation, 
(b) surface runoff (c) interflow and (d) water table discharge (Gray, 2002). Direct 
precipitation comprises of rainfall that falls directly into the water body while the rainfall that 
falls on the surrounding land and generates runoff which eventually terminates in the water 
body is referred to as surface runoff. Interflow arises from excess soil moisture that drains 
into the water body. Water table discharge results from an aquifer which underlays a water 
body. A high water table or spring will discharge water from the aquifer to the water body.
Lakes, rivers and other surface water bodies are often contaminated from diverse sources 
such as industrial and municipal wastes, runoff from urban and agricultural areas and erosion 
of soil (Henry and Heinke, 1996).
2.3.2 Groundwater
Groundwater is found at varying depths below the earth’s surface. It originates mostly from 
rainfall that infiltrates and penetrates to the underlying strata (Purcell, 2003). Groundwater is 
replenished from precipitation that seeps down to the aquifer (Pennington & Cech, 2010).
Groundwater is contained in water bearing rock formation called aquifers. As groundwater 
percolates down, the aquifer becomes saturated and the surface of saturation is referred to as 
the groundwater table or phreatic surface (Purcell, 2003). An aquifer can be confined or 
unconfined. The former results when the aquifer is sandwiched between two impermeable 
layers or aquicludes with the water table line called the piezometric surface. An unconfined 
aquifer is overlain on aquicludes which are almost completely impermeable (Novotny, 2003). 
Groundwater contained in unconfined aquifers originates mainly from rainfall and provides 
the bulk of supplies of groundwater abstraction. Conversely, these water bodies may also be 
vulnerable to diffuse pollution from agricultural and industrial activities and urban runoff 
(Gray, 2002).
As a result of the overlying soil profile groundwater is less likely to be polluted than surface 
water but once polluted, even if possible it is difficult to restore groundwater quality (Henry 
and Heinke, 1996). Soil particles help to reduce groundwater pollution by filtering pathogenic 
and other unwanted substances from polluting the groundwater.
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2.4 Water Pollution Studies
Water pollution is an important aspect of environmental pollution considering the necessity 
of water for existence. Water pollution has impacts on not only humans but also animals, 
micro-organisms and plants through the intake of water by all living organisms. The 
importance of water notwithstanding, it has long been recognised as a Vehicle’ for the spread 
of many diseases (Wijk-Sijbesma, 2002 and Sawyer et al, 2003). These diseases include the 
worst outbreak of Escherichia coli in Canada (Kondro, 2000) and Cryptosporidium in 
Milwaukee, Wisconsin, USA in 1993 (Hoxie et al, 1997).
Surface and groundwater sources are often contaminated by anthropogenic activities. These 
include discharges of agricultural, industrial and municipal wastewaters into water courses 
which ultimately reach the aquifers. Among the pollutants are nitrates from domestic sewage 
and fertilisers and pesticides from agriculture practices (Salvato et a/., 20003). Other sources 
include livestock farming that transmit pathogens from animal manure and fish farming that 
exacerbate eutrophication by adding biochemical oxygen demand and nutrients to the local 
environment (Kirby et a l, 2003).
Water pollution can be caused by natural processes and events such as torrential rainfall and 
hurricanes leading to excessive erosion, flooding, tsunamis and landslides, which in turn 
increase the content of suspended materials in affected rivers and lakes leading to little or no 
dissolved oxygen, among other consequences (Meybeck et al, 1996). The principal 
groundwater quality issues relate to excess hardness and the presence of iron, manganese, 
chloride, nitrate and coliforms (Purcell, 2003, Kiely, 1996). Water pollution can also be 
caused by human activities such as industrialisation (Yassi et a l, 2001).
Changes in the development of groundwater resources due to urbanisation and dam and 
irrigation projects may cause the emergence or re-emergence of pathogens. These can be seen 
with growth and re-distribution of two snails -  Bulinus trancatus and Biomphalaria 
alexandrina which are the main hosts for the transmission of schistomiasis in the Aswan 
High Dam in Egypt, in Selingue in Faraba in Mali and the Diama Dam on Senegal river 
(Pedley and Pond (2003).
Surface waters are affected by among others microbiological pollution through such human 
activities that generate human wastes and municipal wastewaters, industrial wastewaters as in
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food, beverage, abattoir and meat packaging. These activities invariably contain faecal 
materials that may include pathogens (Taylor, 2003).
The impairment of water is usually referred to as pollution, contamination, nuisance or water 
(air, soil) degradation (Novotny, 2003). Regardless of the terminology or cause water 
pollution can be categorised as either point or non-point (Masters and Ela, 2000). Point 
sources are based on the activities that produce the pollutants such as from a specific, 
identifiable source, usually a facility and is released at a known discharge point or outfall, 
usually a pipe or ditch, a ship, municipal sewer system, industry and power plants. Non-point 
source pollution on the other hand arises from the way the pollutants are discharged into the 
environment which is non-specific. Amongst these are agricultural practices such as the 
application of pesticides that are carried far away as runoff which ultimately infiltrates 
groundwater through the soil profile, particularly the unsaturated soil zone (Estevez et al. 
2008).
Mander and Forsberg (2000) reviewed studies that showed that the most significant impact 
of diffused or non-point pollution as being caused by agriculture (nutrients and pesticides); 
transport (roads, rail and shipping); atmospheric deposition (on lakes and seas); storm water 
fi'om urban and industrial sites. Due to the interconnection between water bodies (surface 
and ground) most non-point source pollution began as a point source and spread over time 
and space from specific points of origin to where they are domiciled.
In relation to water quality there is no source of water that can be considered fi-ee from 
contamination. Rainwater mixes with acids and organic compounds as it falls; surface water 
also comes into contact with pollutant discharges which ultimately infiltrates into the 
groundwater (Zeliger, 2008).
Water pollution is a global problem which affects rich, developed and poor, developing 
countries; rural and urban environments. It is expected that pollution in rural areas would 
come more fi'om agricultural and mining activities whilst sources such as manufacturing and 
power production would account for pollution in urban areas, especially in developed 
countries. Younger (2001) stated that coal and other abandoned mines are second to sewage 
outflows as sources of freshwater pollution in Scotland. In many coal field catchments it is 
the preeminent source. On the other hand in poor, developing countries pathogens associated 
with the disposal of human wastes have been considered to be major sources of water 
pollution leading to water borne diseases such as amoebic dysentery, bacillary dysentery,
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cholera, hepatitis A, typhoid and polio (Sullivan et al, 2005). In general for developed 
countries there are water quality regulations regarding the release of effluents into water 
courses. However, such regulations are non-existent or largely ignored in developing 
countries. In this regard Yassi et ah, (2001) reported the release of untreated liquid wastes 
into surface water courses in Alexandria, Egypt; Bogota, Columbia; Karachi, Pakistan and 
Shanghai, China.
Regarding the problems caused by water pollution, the World Health Organisation in its 2010 
report estimated that 80% of all infectious diseases in the world are associated with 
insufficient and unsafe water. UNICEF (2010) reported that 39% of the world population 
(over 2.6 billion people) live without access to improved sanitation while 884 million are 
without improved water supplies. Consequently, more than 3.8 million, mostly children under 
five years of age die annually from pneumonia and diarrheal diseases (WHO, 2009).
2.4.1 Global water pollution studies
In this section a critical review of specific studies that have reported on water pollution 
around the world is presented.
Investigations into the sandstone geological formations that underlay Nottingham and 
Birmingham in the United Kingdom showed microbial presence (faecal baceteria) in the 
aquifers. These contaminations were caused principally, by the infiltration of sewage in the 
urban areas (Powell et ah, 2003).
Perona et al, (1999) studied the impact on the Alberche river near Madrid, Spain by holiday 
makers in the summer period. The study showed high levels of nutrients owing to intensive 
use of the river. Also in Spain Garcia- Barcina et a l, (2006) determined the levels of salinity, 
temperature, NHg^ and coliforms in the Bilbao estuary. The study found low levels of 
contaminants relating to raw water treatment prior to discharge.
A study on the Nilufer stream in Turkey by Karaer and Kucukballi (2006) showed that the 
water quality in the stream failed to meet Turkish standards regarding BOD, nitrogen, 
phosphorous, coliforms and heavy metals. In Greece Kanaki et a l, (2007) investigated the 
presence of poly-aromatic hydrocarbons (PAHs), nenyphenols and octyphenols in the coastal 
waters and island of Lesvos. The study found low levels of contamination due to either non 
release or adsorption onto sediments.
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Howarth et al., (2002) found high levels of nitrogen and phophorous in the Mississippi river 
and Gulf of Mexico in the United States of America. In neighbouring Mexico, Hector 
Hemandez-Romero et al., (2004) found low levels of dissolved oxygen, high levels of 
chemical oxygen demand, coliforms, oil and grease and residues of DDD above Mexican 
standards in Pozuelos-Marillo lagoon in Chiapas. In Brazil Braga et al., (2000) investigated 
the presence of NH3 , NO3" in Baixada Santisa estuarine. The study showed the presence of 
the contaminants in low levels in Cubacao and S. Vincente but high levels in the Santos 
channel.
Bharath et al., (2003) investigated the potability of bottled water both locally produced and 
imported into Trinidad. The study revealed that whilst the imported brands are free of 
pathogens, about 5% of locally produced bottled water was unfit for consumption with the 
presence of total and thermotolerant coliforms. In a study in Australia, Shah et al., (2007) 
revealed high levels of coliforms, Na"^ , Ag"^ , Pb^^, Cr^ ,^ Mn^ "*", Fe^ "^ , Ni^^ and Cu^^ near the 
sewage treatment plant when compared with a forested site in North coast of New South 
Wales.
In Taiwan, Meng et al, (2008) found high levels of nutrients and biochemical oxygen demand 
which negatively affected the water quality of Nanwan Bay. In China Ma et al., (2009) 
analysed the levels of electrical conductivity, total dissolved solids. C l , S O / , NO3 -N, F“, 
Br“, N a \ K^, Ca^^and Mg^ "*" in the Wuwei basin, Shiyang river. The study showed good 
quality water upstream around the Qilean mountains but high levels of contamination around 
Wuwei. In another study Qin et ah, (2010) reported the levels of biochemical oxygen 
demand, chemical oxygen demand, NH3 -N, P"*” and N“. The study showed high levels of 
contaminants in both light and heavy storm events. Similar high levels of chemical oxygen 
demand, biochemical oxygen demand, NH3 -N, P \  Hg^^ and oil were found by Xiaoyun et 
al., (2010) in the Pearl river delta. Similarly Zhao et al., (2010) revealed high levels of P ^  
and N", biochemical oxygen demand and chemical oxygen demand as responsible for 
eutrophication of the Baiyangdian lake in China.
In Bangladesh, Hoque et al., (2006) studied groundwater contamination by faecal coliforms 
and arsenic in the Saturia Thana area. The study concluded that only about 52% of water 
samples met the country’s standards. In a similar study Bhuiyan et al., (2010) revealed high 
levels of chemical contamination of mine drainage water and groundwater by anthropogenic 
activities with high levels of electrical conductivity and heavy metals in the Barapukuria
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floodplain, Dinajpur district, Bangladesh. Azrina et al., (2006) studied the water quality of 
the Langat river. Peninsular Malaysia. The study concluded that the quality of river water 
upstream was pristine but was affected downstream by human activities with high levels of 
biochemical oxygen demand, chemical oxygen demand NH3 -N, NO3" and NO2".
Extensive reviews of studies by the United Nations Development Programme (UNDP), 
United Nations Environment Programme (UNEP) and United Nations Industrial 
Development Organisation (UNIDO) relating to the coastlines of sixteen west and central 
African countries were conducted by Ukwe and Ibe (2010). The reviews concluded that high 
growth rates of population and urbanisation have resulted in the release of domestic and 
industrial sewage; oil exploration and exploitation have also consequently affected the water 
quality of the coastlines of those countries.
In Egypt, high levels of biochemical oxygen demand and chemical oxygen demand were 
recorded by Hafez et al., (2008) in the El-Salaam canal project, Sinai II. These levels, 
however, decreased downstream. In a similar study conducted along the river Nile around 
Cairo Ali et ah, (2011) found the river to be under pollution stress from agro-industrial and 
tourism activities.
Bamhoom et al., (2009) revealed the presence of DDT and its metabolite residues in the 
water resources of the Limpopo province in South Africa. In Zimbabwe, Jannalagadda and 
Mhere, (2001) investigated the levels of pH and some trace elements in the waterfall, stream 
and lower Mukuvisi river, Harare. The study concluded that the contamination arose more 
from industrial than domestic sewage with high levels of Zn^ "*", Cu^^, Pb^^and Cd^ .^ In a 
similar study in Mauritius Daly et al., (2002) found domestic sewage to be the major culprit 
relating to the deterioration of water quality downstream with elevated levels of total 
coliforms, E coli, biochemical oxygen demand and NH3 -N. In a review of studies by 
Government agencies in Zanzibar, Tanzania, Mohammed (2002) concluded high levels of 
coliforms from sewage; heavy metals from industrial discharges and fertilisers and pesticides 
from agricultural activities. Similar conclusions were drawn on the Njoro river in Kenya by 
Yillia et al., (2008) with the addition of the determination of turbidity.
A study was undertaken on the water quality in shallow groundwater sources in Kampala, 
Uganda. The results showed microbial contaminations with high levels of thermotolerant 
coliforms and faecal streptococci in many sample springs above the Ugandan national
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guidelines (Howard et al. 2003). The levels of the microbiological contaminants increased 
following rainfall events.
Ntewengwe et al., (2006) obtained similar results for the Kitwe stream, Kitwe City, Zambia 
with human activities causing contaminated levels of biochemical oxygen demand, S O / , 
NO3 , coliforms and metals; all exceeding the maximum limits. Sail and Vonclooster (2009) 
investigated water contamination in the Niayes region from Dakar to Saint-Luis, Senegal. 
The study found contamination by nitrate as originating from domestic and agricultural 
activities. The levels of contamination, however, decreased with depth. In the neighbouring 
Guinea Bissau, Bordalo and Sawa-Bordalo, (2007) studied shallow wells for the presence of 
NO3 , NO2 , NH3 ,^ Cu^^ and Fe^^ on Bolama island. The study concluded that 79% of wells 
have moderate to heavy levels of chemical contamination of well water.
In Ghana, Asante et ah, (2007) investigated the impact of mining on the groundwater of 
Tarkwa. The study showed the presence of As^ ,^ Mn^^, Hg^^ and Pb^^ at levels above the 
World Health Organisation (WHO) Guideline limits and the limits imposed by the country’s 
capital Accra as established for areas with no mining activities.
2.4.2 Water pollution studies in Nigeria
Asubiojo et al., (1997) determined the trace element leves in the groundwater and tap water 
in various cities and towns in Southern Nigeria. The study found that all the elements were 
below the World Health Organisation drinking water guideline limits except Cd, Cr and Se. 
Kendirim (2005) studied the levels of pH, electrical conductivity, temperature, NO 3 -N, and 
P0 4  ^ in the Kangimi reservoir, Kaduna, Kaduna State which is the main supplier to the city’s 
water treatment plant. The study concluded that most of these parameters were within WHO 
Guideline limits. In other studies the levels of temperature, pH, electrical conductivity, C\~, 
NO3  and water hardness for samples taken from major dams in Bkiti State were conducted 
by Adefemi and Awokunmi (2010). The parameters were found to be within WHO drinking 
water guideline limits.
The contaminant levels of electrical conductivity, biochemical oxygen demand, chemical 
oxygen demand, pH, NO3 ' and P0 4  ^ in the Orogodo river in Delta State were determined by 
Arimoro et al., (2007). The study concluded that contaminant levels were higher downstream 
of the rubber effluent impacted stream than upstream probably due to other contaminants 
being carried downstream. In a similar study on the Oshunkaye river in Ibadan, Oyo State
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Osibanjo and Adie (2007) determined the levels of total suspended solids, chemical oxygen 
demand. Cl", NO3 , P0 4 ^ , Pb^^, Ni^^, Cu^ ,^ Zn^ "^ , Cd^^, oil and grease. This study, however, 
has a different conclusion with upstream of the Bodija abattoir having levels higher than 
Nigerian standards.
Adeyemi et ah, (2007) found levels of BOD, COD, Pb, E coli, Shigella sp. and Salmonella sp 
above the Nigerian standards in the groundwater samples from the leachates of a landfill site 
in Ojota, Kosofe, Lagos State. Similar high levels of aerobic bacteria, presumptive coliforms, 
E coli and faecal streptococci were discovered in the groundwater in Benin City, Edo State by 
Erah et ah, (2002). In a country wide review of studies in Nigeria Ofoezie (2002) revealed 
high levels of Schistosomiasis in artificial lakes. Agbobu et al., (2006) studied discharges 
fi'om the Samaru stream and the Kubanni river in Zaria, Kaduna State. They reported that 
physico-chemical parameters were within acceptable Nigerian standards but bacteriologically 
unsafe for use as raw water for drinking, animal herding, irrigation of food crops and 
recreational activities.
Yusuf (2007) investigated rivers in Lagos State. The levels of total dissolved solids, NO 3 , 
P0 4 ^ , S0 4 ^ , Ca^ ,^ Mg^^, K^, N a \ Pb^^ and Zn^^ were found to be above WHO drinking 
water guideline limits due to sewage and industrial effluents. Adebowale et al., (2008) 
reported the contamination of Lagos State’s coastal waters due to anthropogenic activities 
such as transportation of petroleum products with BOD, trace elements and oil and grease 
being above the Nigerian standards on drinking water quality.
Ejechi et ah, (2007) investigated the quality of groundwater in the oil producing areas of the 
Niger Delta. The study showed high levels of electrical conductivity, total dissolved solids 
and faecal coliforms due to rapid urbanisation brought about by oil production activities. In a 
similar study in Warri, Delta State Nduka and Orisakwe (2007) examined groundwater levels 
of total dissolved solids, BOD, COD, and faecal coliforms, Cd^^, Cr^ ,^ Pb^^ and Mn^^. The 
study showed that most of the parameters had levels above the WHO drinking water 
guideline limits but with trace elements lowest in bore-hole rather than in shallow well water 
samples.
In another study of the Warri petroleum refinery and adjoining communities by Nduka and 
Orisakwe (2009) found elevated levels of BOD and heavy metals with bore-holes being 
mostly acidic. The contamination arose from anthropogenic activities, including petroleum 
refining and transportation. In the western Niger Delta Omo- Irabor et ah, (2008) found water
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quality impairement by natural factors such as soil-groundwater interaction and 
anthropogenic activities, such as agriculture, with residues of insecticide found in water. In a 
similar application of insecticides in agriculture Sosan et ah, (2008) found residues of 
insecticides in both groundwater and water stored in households in the Ondo and Osun States.
The quality of water in the Adofi river of the Niger Delta was investigated by Arimoro (2009) 
with levels of biochemical oxygen demand, chemical oxygen demand, total dissolved solids, 
NO3 , NO2 , P 0 4 ^ , Fe^ ,^ Pb^^, Mn^ "^ , N f^ and Zn^ .^ The study found deterioration of water 
quality at the point of effluent discharge rather than in upstream and downstream sections of 
the study region. Olaoye and Onilade (2009) examined water samples from various parts of 
western Nigeria for water quality parameters. The study revealed varying levels of 
contamination by faecal coliforms, low levels of Fe^^ and non detection of Pb^^ and Mn^^. 
Oke Afa canal in Lagos State was found to be contaminated with high levels of biochemical 
oxygen demand, chemical oxygen demand and Pb^^ mainly from human activities (Oluwo et 
al., 2010). In another study Oluwo et al., (2010) examined the levels of Zn^^, Ni^ '*' and Fe^  ^
in the Epe and Badagry lagoon in Lagos State. The study found more contamination in the 
former than the latter but both less contaminated than the Nile in Egypt. River Challawa in 
Kano State was studied for water quality parameters by Akan et al., (2009). Parameters 
examined were electrical conductivity, total dissolved solids, turbidity, colour, oil and grease. 
The study concluded that higher levels of contamination were recorded at the point of 
effluent discharge than downstream of the river and higher levels in the dry rather than in the 
wet seasons.
Finally, the impact of crude oil activities: - exploration, exploitation, refining and 
transportation, on the region’s ecosystem and health of the inhabitants was studied by Nriagu 
(2011). Parameters examined were polycyclic aromatic hydrocarbons, benzene, toluene, ethyl 
benzene and xylene (BTEX). The study concluded that crude oil production affects water, 
fishing, and agriculture while exposure to toluene and xylene affect the nervous system of 
inhabitants.
2.5 Overview on W ater Pollution Studies
A review of the literature shows the problems of water pollution as being global phenomena 
affecting all countries. Water contamination is mostly due to human activities which aim at 
economic prosperity through agricultural and industrial activities; fast growth in urban
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settlements and a rapid increase in population with the attendant domestic sewage generated. 
The studies have shown that in the developed countries the problems are associated with 
chemical pollution with inorganics such as heavy metals and organics for example polycyclic 
aromatic hydrocarbons (PAHs) and oil and grease as the main contaminants. In the 
developing countries water contamination is mostly due to domestic sewage and nutrients 
from agricultural activities that are discharged into water courses.
Nigeria as a developing country suffers from water contamination from anthropogenic 
activities. Studies have shown that the country’s water resources have been contaminated 
from human activities such as industrial, agricultural and domestic activities in both urban 
and rural areas. The major contaminations affect chemical and microbiological parameters 
with contaminants ranging from trace elements, nutrients to coliforms.
2.6 W ater Treatment Technologies
Except in few cases of pristine groundwater sources, water regardless of its source requires 
some form of treatment prior to consumption. This is due to the danger posed by 
contaminated water to human health which include debilitating illnesses such as dysentery 
and diarrhoea, which may lead to mortality especially in children. The objective of water 
treatment is to provide water to the consumer that is wholesome at a reasonable cost (Purcell, 
2003).
Large scale water treatment plants usually operate continuously. For this to happen it is 
important for some conditions to be met. They include:- (i) a constant source of supply of raw 
water, mostly surface water; (ii) protection of water from pollution by preventing the 
discharge of effluents from either domestic, industrial or agricultural activities and (iii) the 
erection of a perimeter fence to prevent trespass by humans and animals (Henry and Heinke,
1996).
Conventional water treatment plant comprises of the following stages -  screening, 
coagulation/ flocculation, sedimentation, filtration and disinfection.
(a) Screening -  this process involves the removal of large solids such as logs, branches, rags, 
leaves which if left would clog pipes and damage pumps of the water treatment plant. 
Screening is also referred to as plain sedimentation (Henry and Heinke, 1996). The process of 
plain sedimentation is frequently used in wastewater treatment but rarely used in potable
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water production except in a situation in which the raw water is heavily silt-laden (Purcell, 
2003)
(b) Coagulation - at the end of screening there will be fine particles comprising of clay, 
protein, micro-organisms etc. They are very small (<10pm), of negligible velocities and 
mostly negatively charged (Gray, 2002). Coagulation is the process that brings about particle 
agglomeration which is achieved by altering their negative charges and thereby destabilises 
the particles and cause their agglomeration and settlement. Coagulation involves the addition 
of chemicals known as coagulants that destabilise the colloidal material. Commonly used 
coagulants are the salts of aluminium and iron, also referred to as alum and ferric, 
respectively. The choice of coagulant is determined by cost and effectiveness of particular 
waters (Purcell, 2003).
The addition of alum to water combines with the hydroxyl ions of water (OH") to form poorly 
ionised A1 (OH)], hydrogen and sulphate ions. The chemical reactions are presented in the 
following equations :-
Equation 2-1 Reaction of alum with water
AI (S04)3 + 6 H2 O -<• 2A1 (OH) 3 + 6 H  ^+ 3 S O /  (2.1)
The bicarbonates present in the natural water serve as buffers and act in this capacity as 
follows :-
Equation 2-2 Reaction of bicarbonate in water
HCO3" + H+ ^  H2CO3 CO2 + H2O (2.2)
The overall process is fi*equently represented by the simplified equation:
Equation 2-3 Coagulation process
Al^+ + 3 HCO3  A1 (0 H) 3  I  + 3 CO2  (2.3)
(c) Flocculation -  after the addition of coagulants to water it is necessary to have uniform 
dispersion of the coagulants. This is achieved initially through rapid mixing. This will lead to 
the formation of a micro-fioc which is invisible to the naked eye. The formation of the micro- 
floc is as a result of the destabilisation of the colloidal particles. After rapid mixing it is 
necessary to have gentle agitation so that the floe will be formed which is visible and
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therefore, separated from the water. The water supernatant is then decanted for the next phase 
of water treatment (Purcell, 2003).
(d) Sedimentation -  the process of sedimentation is carried out in wastewater treatment in 
which large solids are screened or removed (Gray, 2002). Sedimentation in water treatment is 
the process that follows coagulation and flocculation in which floe particles are removed. 
Water containing particulate matter is detained in the sedimentation tank so that the larger 
particles may settle down at the bottom of the tank. The clarified water which may contain 
some very small particles that cannot settle down is then moved to the next stage of water 
treatment called filtration.
(e) Filtration -  this is the process in which water is passed through a porous media usually 
composed of sand and gravel. In this process water is treated such that suspended solids, 
colloids and other impurities are removed through the twin action of mechanical straining and 
biological action.
Filtration is divided into rapid sand and slow sand filtration (Purcell, 2003). Rapid sand filters 
are composed of coarse sand and gravel with 0.5-1.00 mm in diameter and with a filtration 
rate of 5-6 m/h (Gray, 2002). The main functions of rapid sand filters involve the mechanical 
straining of particles larger than the pore spaces, physical and chemical adsorption and 
sedimentation (Metcalf & Eddy, 2003).
Slow sand filtration is composed of a bed of sand overlain on a layer of gravel. The sand 
media is composed of fine sand material of 0.15-0.3 mm diameter and a rate of filtration- 
0.08-0.15 m/h. A slow sand filter is the media whereby impurities are removed through 
biological action with the formation of schmutzdecke, consisting of threadlike algae and 
numerous other forms of life, including plankton, diatoms, protozoa, rotifers and bacteria on 
top of the media (Huisman and Wood, 1974). Most of the biological action is thought to take 
place in this region of the filter with the various organisms entrapping, digesting and breaking 
down the organic matter contained in the water as it passes through the filtration stage.
Cleaning of the media in filtration is done by backwashing in the case of a rapid sand filter 
and scrapping the top biological layer after a filter run which is the period before or in 
between the cleaning of two filters.
(f) Disinfection -  is carried out when some micro-organisms are not completely removed 
during the previous treatment steps (Purcell, 2003). Disinfection methods include chemical
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agents such as chlorine, bromine, iodine and ozone and their compounds; physical agents 
such as heat, light and sound waves and ultraviolet radiation (Metcalf & Eddy, 2003).
Effective disinfection is determined by factors such as contact time, concentration of 
disinfectant as well as the intensity and nature of the physical agent (Metcalf & Eddy, 2003).
2.7 Household/ Community Based W ater Treatm ent Technologies.
There are basically two categories of water treatment technologies at the household/ 
community levels. They are:-
(a) At the water source -  under this category treatment options include proper construction 
and development of a borehole complete with casing and grouting at the point of pumping of 
water. Another method is by constructing a few bricks around the water well and roofing it. 
These methods would prevent the infiltration of contaminated water and the falling of debris, 
avian droppings and other unwanted objects into the water source.
(b) At the point of use (POU) -  these are treatment options at the point of use or 
consumption. They are:-
(i) Chlorination with safe storage -  in this process doses of chlorine or sodium hypochlorite 
are added to the water before consumption and the proper storage of treated water to avoid 
recontamination (WHO, 2013). Use of free chlorine was found to be widespread, easy and 
very affordable. It is very effective against most waterborne pathogens except 
Cryptosporidium parvum oocysts and Mycobacteria species (Sobsey, 1989).
(ii) Chemical coagulation, flocculation and precipitation -  these refer to the processes 
bringing about the destabilisation and agglomeration of particles to form large particles in 
water that can be removed by physical treatment (Bennie and Kimber, 2009). Chemical 
coagulants most commonly in use for community water treatment include salts of aluminium 
and iron such as alum. Others used in water treatment include alum potash, crushed almonds 
or beans and the contents of Moringa and Strychnos seeds (WHO, 2013).
(iii) Solar disinfection (SODIS) -  water is kept in transparent polyethylene terephthalate 
(PET) bottles and exposed to solar UV and heat energy outside during sunlight hours. SODIS 
treatment was reported to reduce diarrheal disease in children in Africa and India by between 
26 and 37% (Sobsey, et al., 2008).
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(iv) Adsorption processes -  adsorption processes and adsorbents such as charcoal, clay, 
glass and various types of organic matter such as seeds, rice etc have been used for water 
treatment since ancient times. (WHO, 2013).
(v) Bio sand filters -  also known as slow sand filtration. In this process water is treated 
through the medium of sand by physical screening or straining and biological action (Binnie 
and Kimber, 2009).
Water treatment systems using chlorination and coagulation/flocculation require the constant 
addition of reagents which may not always be affordable to low income families; SODIS can 
treat water at a very small scale which may not be adequate for the domestic needs of large 
families’ especially in developing countries. Ceramic and bio sand filters can simply be 
cleaned manually to restore performance and flow rate from the accumulation of particulate 
matter (Sobsey, et a l, 2008).
Multi-stage slow sand filtration or bio sand filter is the water treatment system at the point of 
use (POU) chosen for this research work. This is because a water treatment system at the 
point of use (POU) is usually a preferred option in communities in emergencies such as the 
consequences of earth quakes in 2005 and Haiti in 2010. It is also useful in communities in 
transition from such natural and man-made disasters to permanent communities such as 
returnees following the Rwandan genocide and mass murders in 1994 (Clarke et al., 2004). 
Other communities that could use point of use (POU) water treatment systems are those 
located in urban and peri-urban areas in developing countries where investments in water 
infrastructures have not kept pace with increases in populations and urbanisation.
2.8 Cost Implication of Point of Use W ater Treatment Systems.
Any water treatment system at the point of use has its advantages and disadvantages and its 
cost implications. The use of chemical disinfectant requires some level of education to have 
the right contact time and concentration of disinfectant. This system does not require any 
investment apart from storage containers. It, however, requires running costs through the 
constant purchase of the disinfectant. The use of chemical coagulants such as alum also 
requires no investment but running cost. For a poor family in Africa that may be an added
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burden. Another problem is that of storage to prevent mishandling, contamination or 
accidental ingestion by children.
A solar disinfection (SODIS) technique requires some investment to buy the polyethylene 
tetraphthalate (PET) bottles. This is a special type of bottle that may be expensive, not easily 
affordable or available in developing countries. Another disadvantage of SODIS is that it may 
only be suitable for a small family. It may not be cost effective for a family of more than five 
members considering the bottles and time required to produce water for consumption.
Adsorption using charcoal, glass or organic matter or a biosand filter requires an investment 
which will last for a long period of operation. Some people might not welcome their drinking 
water being treated with charcoal or organic matter such as rice husk or grain chaff. Beside 
that charcoal is the main source of energy for low income families in most parts of Africa. 
Bio sand seems to be a preferred option because the sand media is inorganic and inert. An 
investment of £50 in bio sand will provide treated water for family of five members for about 
one year.
Finally, any investment by people toward having potable drinking water will be compensated 
by becoming more healthy, spending less time and money on hospital visits and the cost of 
treatment and more time and energy to pursue socio-economic goals and for children to 
attend schools.
2.9 Background of Slow Sand Filtration System
It is believed that groundwater is less contaminated than surface water due to the soil profile. 
The soil profile acts as a barrier by impeding the infiltration of contaminants but also acts as 
filter so that by the time water percolates through the soil profile to the water table it would 
have been treated of the impurities it contains.
The history of slow sand filtration is thought to have begun in Paisley, Scotland in 1804 when 
John Gibb built an experimental slow sand filter which supplied water to his bleachery and 
sold off the surplus. In relation to a public water supply it was thought to have started in 1829 
by John Simpson of the Chelsea Water Company in London (Huisman and Wood, 1974). 
Conclusively, the link between slow sand filtration and cholera outbreak was provided in the 
German cities of Hamburg and Altona in 1892. Both cities took their drinking water from the 
river Elbe which became contaminated with cholera. Hamburg suffered an estimated 8600
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deaths whilst Altona suffered none. The reason was that Altona used slow sand filters while 
Hamburg did not (Ratnayaka et al., 2009). Slow sand filters were first used in the United 
States of America in 1885. This process of water treatment has been adopted in so many 
cities in the United States of America, United Kingdom, Sweden, Japan, Amsterdam, 
Antwerp, Paris and Budapest (Huisman and Wood, 1974; Ratnayaka et al., 2009). In the 
treatment of wastewater slow sand filter was first used by Frankland in 1870 and by Dunbar 
in 1908 (Metcalf & Eddy, 2003).
Slow sand or biofiltration has been found to be among the appropriate potential technologies 
for raw water treatment. It has been widely practiced with more than 500,000 people relying 
on it for safe drinking water (Elliot et al., 2008). Over 140,000 factory manufactured bio sand 
filters have been installed world-wide and increasing by about 25,000 units annually 
(Classen, 2009). Bio sand filtration system for water provisioning has been described as 
being affordable, which cost about $20 -  30/ unit, accessible and durable (Duke et al., 2006). 
It uses concrete or plastic containers, locally available materials and skills. In addition to 
these, it has no running costs whilst the operation and maintenance can be done by household 
members (Jenkins et ah, 2011).
Slow sand or bio sand filters have been used for the provision of water in emergencies such 
as the aftermath of earthquakes such as in Pakistan in 2005 (Mahmood et al, 2011). It may 
also be used in permanent communities such as for returnees ftom the Rwandan genocide and 
mass murders in 1994 (Clarke et a l, 2004). It can also be used in peri urban areas where fast 
growth in population and urbanisation have outstripped water supply infrastructure. A bio 
sand filter has been so popular that it has reportedly been used more than any other point of 
use (POU) technology (Sobsey et a l, 2008; Albert et a l, 2010). A typical diagram of a slow 
sand filter is shown in Figure 2-2.
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Figure 2-2 Diagram of a typical slow sand filter
Ref: http://www.oasisdesign.net/water/treatment/slwsandfiIter.htm
2.10  Filter Design and Construction.
According to Huisman and Wood, (1974) the essential components of a slow sand filter are:
(a) the reservoir containing the supernatant water;
(b) the filter bed;
(c) the filter bottom and under- drainage system;
(d) containers for the above (water and filter media, gravel and sand); and
(e) the filter control system.
In addition to the above filter media should have the following characteristics (ERA, 1995):
(i) filter media should have good hydraulic characteristics (permeability);
(ii) it should be inert (not to react with substances in the water);
(iii) filter media should be easy to clean;
(iv) filter media should be hard and durable so that it can be used over and 
over again;
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(v) free of impurities at least at the commencement of the operation of the 
filter and
(vi) filter media should be insoluble in water.
With regard to the above characteristics, apart from sand and gravel, any substance that has a 
granular shape and with the characteristics of porosity (fraction of void space in the material 
that may contain air or water) and permeability (the ability to allow water to pass through) 
can be used in filtration.
The bed of sand can vary from 0.6-1.25 m (Ratnayaka et ah, 2009) to 0.6-1.2 m (Purcell, 
2003). The container carrying the sand media is underlain by gravel in order to filter the sand 
from the water draining down. All the containers are inter-connected and fitted with a control 
system. In a water treatment plant gravity filters are usually arranged in horizontal flow in 
which water flows from one compartment usually containing bigger size media to other 
compartments with decreasing sizes (Dorea, 2005). Horizontal flow gravel filters have the 
advantage of unlimited extension when required since they are not installed in raised floors. 
They also act as a sedimentation tank in which solids accumulate on the top of the gravel. 
However, absence of raised floors makes cleaning of the filter difficult (Clarke et al., 1996b).
The arrangement of a slow sand filter can be either down flow or up flow (Metcalf and Eddy, 
2003; Dorea, 2005, Clarke et al., 1996b). fri either of these flows the filters are installed on 
raised floors or in a cascading form. In the down flow type all the filters from the inlet down 
to the outlet flow from top to bottom. In the up flow type apart from the inlet the pre filters 
operate in upward form and water moves up through the media to the supernatant level.
2.11 Filter Media Specification
There are no internationally recognised (ISO) standards for media characterisation for 
drinking water treatment purposes (Ives, 1990). However, effective filter media should be 
small enough to allow good quality outflow and prevent the clogging of the filter. This is 
because a tiny grain size will affect the filtration operation because of the driving force 
required to overcome frictional resistance, whilst large medium grain size will allow the 
passage of small particles with the influent (Metcalf and Eddy, 2003). To achieve this Alan
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Hazen in 1892 introduced the concept of effective size (diameter) and uniformity coefficient 
in the scientific study of slow sand filtration (EPA, 1995).
The determination of the effective size of sand media is based on the impossibility of having 
samples of sand with uniform grain sizes. What is usually found is a range of grain sizes. To 
achieve that therefore, two quantities are needed to characterise sand media. They are the 
effective size and uniformity coefficient. Effective size is the size of sieve opening through 
which 10% (by weight) of sand will pass. It is denoted as dio. Also the size of sieve opening 
through which 60% (by weight) of sand will pass is denoted as deo-
The uniformity coefficient (UC) is the determination of the size differences between the 
largest and smallest grains in the sample. It is also referred to as particle size distribution 
(Washington State Guidance Document, 2003). Uniformity coefficient is therefore, dôo/ dio.
Effective size (EC) or diameter is usually in the range 0.15-0.4 mm and the uniformity 
coefficient range 2-5 although it should preferably be less than 3 (Huisman and Wood, 1974; 
EPA, 1995; Purcell, 2003). A typical design data for a slow sand filter are presented in Table 
2- 1.
Table 2-1 Typical filter design data (Source: Purcell, P. 2003)
Filter type Slow Rapid
Water depth (m) 1.0-1.5 1.0-1.5
Bed thickness (m) 0.6-1.2 0.6-1.2
Underdrainage depth (m) -0.5 -0.5
Effective sand size 0.15-0.4 0.5-1.5
Uniformity coefficient 2-3 <1.5
Filtration rate (m/hr) 0.1 0.25 5.0-7.0
Filter run (days) 20-60 1-2
Cleaning method surface skim backwash
2.12 Filtration Rate in a Slow Sand Filter.
In slow sand filter water flows from the top to the bottom through the media in response to
gravity. The downward movement of the water is kept so small that the laminar flow 
conditions may be assumed to prevail throughout the filter bed (Huisman and Wood, 1974).
The filtration rate (m/h) is defined as the water flow (in m^/h)/m^ filter area (de Moel et al, 
2006). The simplest formula for the hydraulics of filtration through a porous media is that
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proposed by Darcy in 1856. Darcy’s law assumes laminar flow through a clean sand bed 
(Purcell, 2003).
Equation 2-4 Darcy’s formula for filtration through a porous media
V = k h/L ..............................  Equation 2.4
where h is the head loss (m water), L is the bed depth (m),
V is the approach velocity of water (m/s),
k is the coefficient of permeability (depend on the grain size, bed porosity 
and water viscosity).
According to de Moel et al., (2006) clean filter material has a total porosity of 35 to 45% with 
a filtration rate of 5m/h. A clean filter bed will have less hydraulic resistance but with 
increased usage the hydraulic resistance will also increase thereby requiring filter 
backwashing.
The rate of filtration in slow sand filters is about one-twentieth or less compared to rapid 
gravity filters (Ratnayaka et al., 2009).
2.13 Operations of a Slow Sand Filtration System
The slow sand or biofiltration system operate as either part of a large scale water supply for 
cities and small villages or used as means of water supply for individual households 
(Huisman and Wood, 1974). In a review of water technologies for use in disaster relief Loo 
et al., (2 0 1 2 ) classified a slow sand or bio sand filter under non-membrane technologies. 
These technologies include physical treatment, use of chemicals or thermal energy or the 
combination of some of these methods. Slow sand filters operate in a single column in which 
the gravel or rapid sand is overlaying the sand media or they are operated in different stages 
with the gravel or rapid sand prior to the slow sand media. Raw water flow in slow sand 
filters which are part of large scale water treatment is usually continuous (Washington State 
Guidance Document, 2003). However, on a small and household scale it is often intermittent
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with 1 8 - 2 2  hours daily idle time which is the period in between daily charges of water 
(Elliot et ah, 20\\).
A slow sand filter is usually composed of different components - the rapid sand and roughing 
filter with a diameter range of 0.55 to 25 mm. In rapid filtration the removal of particles and 
contaminants is achieved through physical action or straining, even though physicochemical 
processes could not be ruled out (Ratnayaka et al., 2009). In these levels pre-treatment takes 
place by reducing the turbidity and suspended matter. They also minimise head loss increase 
thereby increasing the filter run without maintenance (Iwase et al., 2006). Slow sand filters 
have been found to produce water of good bacteriological, physical and organic quality 
(Ratnayaka et al., 2009). This is mostly achieved through biological action which comprises 
of nitrification and denitrification processes (Murphy et al., 2010) thought to take place 
throughout the filter but mostly in the schmutzdecke at the top layer of the filter (Manz, 2004; 
Stauber et ah, 2006; Unger et ah, 2006; Elliot et al., 2008).
The schmutzdecke or filter skin is the layer through which water passes before reaching the 
filter media. It is made of threadlike algae, and other forms of life such as plankton, diatoms, 
protozoa, rotifers and bacteria (Huisman and Wood, 1974). According to Iwase et al., (2006) 
exposure to sunlight enhances algal growth and photosynthesis as being important to the 
formation of schmutzdecke.
In addition to the biological action other processes taking place in the slow sand filters are 
sedimentation on media (sieve effect), adsorption, absorption and straining (EPA, 1995). 
Thus, the immobilisation of micro-organisms in porous media comes about through the 
combination of mechanical straining and adsorption (Bomo et al., 2003).
2.14 The Role of Multi Stage Filtration System on Water Quality Parameters
Temperature changes have been reported to have an impact on the performance of the multi 
stage filtration system. The filter works more efficiently in the summer than in winter 
months. Jabur (2006) reported that an increase in temperature to 15°C or higher increases the 
efficiency of the filter and the resultant filtrate water quality. It also increases microbial 
metabolic rates (Steele et al., 2006). This is consequent on microbial colonisation leading to 
the formation of biofilm layer due to the increase in temperature, substrate availability and 
population density in microbial species. These processes lead to the maturation of the filter, 
necessary for the production of high quality treated water (Sanchez et al., 2006). . In another
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study Zheng et al., (2010) reported that the effectiveness of slow sand to treat wastewater was 
more enhanced with higher temperatures (> 15°C) and lower biopolymer concentrations.
Dissolved oxygen is controlled by the oxygen found in the water body that has mixed in the 
air-water interface and filtration rates. Higher rates of filtration maximise dissolved oxygen 
supply (Steele et al., 2006). Higher rates of filtration do have the downside of increase head 
loss. Dissolved oxygen depletion is also caused by an increase in temperature (Sawyer et al., 
2003).
Multi-stage filtration system has been found to be effective in removing turbidity from the 
filtered water. In studying this, a multi stage filter pilot plant was operated in Ontario, Canada 
with water from the Grand river. The plant ran for one year under varying temperature 
conditions (0 - 30°C). Results showed treated water with turbidity levels below the maximum 
of 3.0 NTU (Anderson et al., 2006). In other studies Duke et al., (2006) reported turbidity 
reduction by about 95%. Mwabi et ah, (2011) reported bio sand filters remove turbidity and 
bacteria by 90 -  95% and 20 -  60%, respectively. Bio sand filtration was also reported to 
have reduced diarrheal occurrences by 47 -  54% (Stauber et ah, 2009).
The ability of slow sand filtration to remove micro - organisms was investigated by Hijnen et 
al., (2007). A mature filter that has been operated for three years without scrapping was 
dosed with various pathogens. Results showed effective removal of Cryptosporidium oocysts 
and Clostridium perfringes. In a similar study by DeLoyde et al., (2006) Cryptosporidium 
oocysts and Giardia cysts were similarly removed by slow sand filter. Dullemont et ah, 
(2006) compared the effectiveness of a slow sand filter in removing bacteriophage and 
Escherichia coli. They found out that while E coli were effectively removed by the 
combination of straining and biological action in the schmutzdecke although the 
bacteriophage was least removed due to their small sizes. Zheng et al., (2009) reported the 
slow sand filter to be effective in removing organic foulants (carbohydrates, proteins and 
biopolymers) prior to ultrafiltration.
A typical performance by a slow sand filter in treating water contamianants is presented in 
Table 2-2.
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Table 2-2 Typical treatment Performance of Conventional Slow Sand Filters
Water quality parameters Removal capacity
Turbidity <1.0 NTU
Coliforms 1 - 3 log units
Enteric viruses 2 - 4 log units
Giardia cysts 2 - 4 +  log units
Cryptosporidium oocysts > 4 log units
Heavv metals
Zn, Cu, Cd, Pb > 95-99%
Fe, Mn >67%
As <47%
Source: Adapted from Amy et ah, (2006)
2.15 W ater Quality Parameters
The drinking water quality parameters were investigated in water sampling programme for 
determining anthropogenic water contamination from 2009 to 2011. These parameters were 
also investigated in the ability of the multi-stage filtration system to filter University of 
Surrey lake water in 2012 as well as water sources from different parts of Kaduna Metropolis, 
Nigeria in 2012 and 2013. The parameters were reported in Table 2-3.
2.15.1 Trace elements
Chemical elements are categorised into major, minor, trace or ultra-trace depending on the 
concentration in the environment or body (Nielson, 2000). Trace elements are found at levels 
of 0.01- lOmg/L (body content- 0.01 to 10 mg/kg) (O’Reilly, 2010). Heavy metals and trace 
elements are emitted into the environment through natural and anthropogenic processes and 
pathways. This includes air via combustion, extraction and processing; surface water via 
runoff, releases from storage and transport and through the soil, groundwaters or crops 
(Jarup, 2003).
The main trace elements found in water are Al, As, Co, Cr, Cu, Fe, Hg, Mn, Mo, Ni, Pb, Se, 
V and Zn (Ward, 2000). A brief review of some trace elements now follows.
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(i) Antimony (Sb) - trace amounts of antimony may be found in raw waters, normally less 
than 10 pg/L (APHA, 2005). The main source in drinking water is likely from the corrosion 
of brass tap fittings and solders (Ratnayaka et al, 2005). Antimony may also be found in hot 
springs and waters draining mineralised areas. Antimony has been implicated in gastro 
intestinal tract, heart, respiratory tract, skin, liver and reproductive problems for women 
(Sawyer et al, 2003). Sb was found to have accumulated in plant species due to mining and 
smelting of ores containing toxic elements in Tuscany, Italy (Baroni et a l, 2000).
(ii) Arsenic (As) - arsenic in groundwater may result from mineral dissolution due to volcanic 
activity (Christodoulidou et a l, 2012) and in surface runoff from mining waste tips or areas 
with certain types of metalliferous ores and from the use of As containing pesticides 
(Ratnayaka et a l, 2009). Arsenic concentration in potable water seldom exceeds 10 pg/L 
except in countries with a history of volcanic activity (i.e. Bangladesh, Chile, Argentina etc). 
The element is toxic to humans and can cause severe poisoning from the ingestion of as little 
as 100 mg arsenic trioxide (APHA, 2005). Arsenite species is particularly risky to human 
health via ingestion when bathing (Lord et a l, 2010). It may also cause chronic effect from 
long term accumulation of arsenic compounds at low levels into the body. Arsenic in water 
has been a major cause of disease in many parts of the world such as India, Bangladesh, 
South America and the Far East (Fawell and Nieuwenhuijsen, 2003). Arsenic exposure via 
drinking water is thought to cause cancers in the lungs, kidney, bladder and skin (WHO, 
2001). Arsenic exposure through water may be indirectly through the consumption of staple 
foods irrigated with As-rich groundwater (O’Reilly et a l, 2010).
(iii) Cadmium (Cd) - arises from the use of zinc to galvanise pipes or other metal fittings and 
their eventual deterioration (Ratnayaka et a l, 2009). It may also arise from non-point source 
pollution discharges. Cd is highly toxic and has been implicated in some cases of poisoning 
through food (APHA, 2005) and 'itai itai’ illness characterised by brittle bones and intense 
pains (Sawyer et a l, 2003). Inhalation of cadmium fumes could be life threatening, acute 
pulmonary condition, kidney damage and renal lesion (Jarup, 2003).
(iv) Chromium (Cr) -  presence of chromium in natural water may be due to weathering of 
Cr-containing rocks, leaching of soils and from industrial operations (Kimbrough et a l, 
1999). However, the recorded Cr concentrations in water rarely exceed 5pg/L (Chandra et al,
1997). Apart from water Cr that has accumulated in edible plants may also cause a potential 
hazard to animals and humans (Obviera, 2012). Chromium salts are used extensively in
37
industrial processes to make alloys, catalysts and in paints. Chromate poisoning causes skin 
disorders and liver damage but there are no reasons to show chromâtes being carcinogenic 
(Sawyer et al., 2003).
(v) Cobalt (Co) - normally occurs at levels around 10 pg/L in natural waters but the 
concentrations may be higher in wastewaters (APHA, 2005). Cobalt is an essential element in 
minute amounts, around 20 mg. However, in excess it can cause dermatitis and is considered 
carcinogenic.
(vi) Copper (Cu) - trace amounts of copper can be found in soft, acid moorland waters. The 
most usual source of copper in drinking water is from corrosion of Cu and Cu containing 
alloys used in domestic plumbing systems. Copper is essential to humans with an adult daily 
requirement of about 20 mg (APHA, 2005). Copper is more an environmental rather than 
human hazard (Sawyer, et al., 2003). This is because whilst at 1.3-2.0 mg/L it is tolerable to 
humans, however, it is toxic to aquatic plants and fish at concentration near 1 mg/L. There 
are, however, disorders associated with Cu utilisation. They are Menkes syndrome (a 
deficiency disorder) and Wilson disease (a toxicity disorder) (WHO, 2004).
(vii) fron (Fe) - is found in most natural waters and it is present in solution or suspension as a 
colloid, fron salts are used as coagulants in water treatment. Over time it will accumulate 
significant amounts in the distribution system, fron is an essential element in the human diet 
with no adverse health effects except water containing iron can cause brown stains on laundry 
and plumbing fixtures and can have a bitter taste when present above 1 mg/L (Ratnayaka et 
al., 2009). fron is found in high concentrations in waters that are in anaerobic conditions 
((Fawell and Nieuwenhuij sen, 2003).
(viii) Lead (Pb) - exposure to lead can cause learning and behavioural problems in children 
(Ratnayaka et al., 2009). It may also cause brain and kidney damage, mental retardation and 
even convulsions in later life (Sawyer et a l, 2003). Sources of lead in waters arise when soft 
acidic waters come in contact with galena or other lead ores. Other potential sources of lead 
in water supply are industrial operations, mine and smelter discharges and dissolution of 
plumbing pipes (APHA, 2005). Other sources of lead in the environment are automobile 
exhaust and leaded petrol still used in Nigeria and some developing countries (Maduabuchi et 
a l, 2006); in locally manufactured and sold paints (Eriyamremu et a l, 2005) and in lead acid 
battery factories (Adebamowo et a l, 2006).
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(ix) Manganese (Mn) - can be found in detectable quantities in both surface and 
groundwaters. The concentration rarely exceeds 1 mg/L in well aerated surface water but 
much higher concentrations can be found in groundwaters subject to anaerobic conditions 
(Fawell and Nieuwenhuijen, 2003). Manganese occurs in domestic wastewaters, industrial 
effluents and receiving streams (Sawyer et al, 2003). Manganese is an essential element in 
the human diet but levels as low as 0.1 mg/L can cause staining of laundry and sanitary 
wares. There are no toxicological considerations regarding manganese in water (Ratnayaka et 
al, 2009).
(x) Molybdenum (Mo) - occurs at trace levels (<10 pig/1) in natural waters. In British waters 
it was found to be mostly below the WHO guideline limit of 70 |ig/L (Smedley et a l, 2013). 
In water draining mineralised areas or wastewater using molybdenum concentrations may be 
much higher (APHA, 2005). Molybdenum is an essential element in trace quantities whilst 
deficiency can cause Crohn disease causing severe headaches, night blindness and nausea 
among others. Conversely, prolonged exposure to Mo can cause eye and skin irritation, 
respiratory, joints and back pains (WHO, 201 lb).
(xi) Nickel (Ni) - is found widely in the environment and is used in electroplating and the 
rinse waters from these operations constitute the main avenues by which salts gain access to 
the aquatic environment (Sawyer et a l, 2003). It appears to be of low toxicity to humans but 
it can cause skin sensitisation and the ingestion of high levels via food or drinking water may 
cause dermatitis (Ratnayaka et a l, 2009).
(xii) Selenium (Se) - in natural waters rarely exceeds 10 pg/L (APHA, 2005). Its 
concentration may increase significantly due to irrigation activities (Ratnayaka et al, 2009). 
Selenium is an essential element required in trace quantities by both humans and animals but 
in high concentrations can be quite toxic and carcinogenic (Watts, 2001). Drinking water 
with high selenium intake can lead to hair loss, weakened nails, skin lesions and changes in 
peripheral levels of Iron (Fawell and Nieuwenhuij sen, 2003). However, Se deficiencies are 
thought to cause health concerns such as cardiovascular disorders, impaired immune 
functions and some cancers. Se deficiency is a contributory factor to the onset of iodine 
deficiency disorders (IDD) (Watts et a l, 2010). Deficiencies in human populations have been 
associated with low fish consumption in rural areas of Burundi and Zomba District in Malawi 
(Chilimba et a l, 2011). The non availability of selenium is caused by low soil pH in which
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Se (IV) is mostly adsorbed onto the soil colloids whist with high pH it is found in soluble Se 
(VI) which is mostly available to plants (Hurst gfaA, 2011).
(xiii) Vanadium (V) - the concentration of vanadium in water increases by discharges from 
industrial application of vanadium such as dyeing, ceramics, ink and catalyst manufacture 
(APHA, 2005). Vanadium is also found in groundwaters associated with volcanic activity and 
has been found at raised levels in Argentine waters having high As levels (O’Reilly et al., 
2010 and Famfield et ah, 2012). Various studies have reported a link between vanadium and 
neurological disorders (Ali et al., 1985). The element plays a beneficial role in the prevention 
of heart disease in which low incidence of heart disease was correlated with high 
concentrations of vanadium in New Mexico, US (APHA, 2005).
(xiv) Zinc (Zn) - most commonly enters the domestic water supply from the deterioration of 
galvanised iron and dezincification of brass with lead and cadmium as other impurities. Zinc 
in water may also result from industrial waste pollution (APHA, 2005). Zinc is beneficial in 
moderation in diets but it is harmful in excess thereby, producing copper deficiency. Higher 
concentrations around 3 mg/1 can, however, cause an astringent taste (Ratnayaka et al., 2009).
In addition to the parameters mentioned above turbidity levels at the various stages of the 
filtration set-up were also analysed. Turbidity measurements were carried out using a hand­
held 21 OOP Turbidimeter. Samples for the determination of trace elements were collected in 
duplicates which were, however, unfiltered. The impact of not filtering water samples was to 
modify the trace element levels during transport and storage as suspended particulates, 
microorganisms and ‘soil-based’ media, such as clays and organic matter, will absorb the 
elements onto the particle surfaces or form chemical complexes. These water samples were 
then brought by courier service to the ICP-MS Facility, Department of Chemistry, University 
of Surrey (refer section 3.5.4).
2.16 Drinking Water Quality Legislations
At this juncture it is appropriate to bring the guidelines and standards of national and 
international agencies relating to the parameters and trace elemets used in the course of this 
research work. The quality of drinking water varies from country to country and therefore, 
there is no one guideline applicable everywhere and various countries have different agencies 
in charge of drinking water quality legislations. Whereas all countries and agencies are
40
agreed regarding zero presence of microbiological parameters especially faecal coliforms the 
developed countries such as United States, United Kingdom and Europe due to technological 
advancement insist on the treatment of chemical contaminants in water.
For this research work the guideline limits and standards used are those of the World Health 
Organisation (WHO) and Nigerian Government. The Nigerian standards were drawn largely 
from those of the WHO. This section therefore, discusses legislations on drinking water 
quality belonging to the World Health Organisation, European Commission, United 
Kingdom, United States Environmental Protection Agency (US EPA) and Nigerian 
Government.
2.16.1 The World Health Organisation (WHO) Guidelines for Drinking 
Water Quality.
International Standards for Drinking Water were published in 1958, 1963 and 1971. The 
standards were superseded by the Guidelines for Drinking Water Quality whose first edition 
was published in 1984/1985. The second edition, vol.l was published in 1993, vol.2 in 1996 
and vol.3 in 1997. An addendum to these volumes was published in 1998. The first 
addendum to the third edition was published in 2006.
The guideline values are recommended but not mandatory limits. Such limits should be set by 
national authorities using a risk- benefit approach and taking into consideration local, 
environmental, social, economic and cultural conditions.
2.16.2 The European Commission Directive on the Quality of Water for 
Human Consumption.
The European Commission has vide council directive 98/83/EC of 3 November 1998 
legislated on the quality of water intended for human consumption (European Commission, 
ec.europa.eu). The drinking water directive was an update on the original Directive of 1980 
(CEU, 1980). The legal document applies to member states (Ratnayaka et al, 2009). Member 
states can, however, enact additional requirements for higher standards if they so wished.
The directive applies to distribution systems for more than 50 people or supplying more than 
1 0  cubic meters per day but even less if the supply is part of an economic activity; drinking
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water from tankers; drinking water in bottles or containers and water meant for food 
processing industry (ec.europa.eu).
2.16.3 The United Kingdom Water Supply (Water Quality) Regulations.
The regulations on drinking water in the UK were contained in the Guidance on the water 
supply (water quality) regulations 2000 (England) and the water supply (water quality) 
regulations 2001 (Wales) (Drinking Water Inspectorate, May 2005). There were also 
guidance for Scotland in 2001 with subsequent amending regulations (UK, 2001c and d) and 
amending regulations for Northern Ireland in 2002 with subsequent amendments (UK, 2003). 
The regulations were meant to implement the EC directives on water quality for human 
consumption. The Water Industry Act 1991 mandates The Drinking Water Inspectorate to 
ensure water suppliers to supply wholesome water in accordance with the regulations 
(Ratnayaka, et al., 2009).
2.16.4 United States Environmental Protection Agency (US EPA) Water 
Quality Standards.
The first legislation on water quality in the United States was the Water Pollution Control Act 
of 1948 (Pub. L. 845, 80^  ^ Congress). The law was amended in 1956 (Pub. L. 660, 84^  ^
Congress and in the Water Quality Act of 1965. The act directed States to develop water 
quality standards.
The Federal Water Quality Control Act was further amended in 1972 (Pub. L. 92500, Clean 
Water Act or CWA). The amendment requires EPA to establish technology based effluents 
limitations. It also extended the water quality standards program to interstate waters. Further 
amendments were made in 1987 which gave teeth to the control of toxic pollutants.
2.16.5 Nigerian Standard for Drinking Water Quality.
In 2005 the National Council on Water Resources (NCWR) was mandated to establish an 
acceptable Nigerian Standard for Drinking Water Quality due to the multiplicity of existing 
water quality standards and guidelines namely:- Nigerian Industrial Standard for Potable
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Water; Drinking Water Standards/ Guidelines from the Federal Ministry of the Environment 
and WHO Guidelines for Drinking Water Quality. A technical committee was set up by the 
Standard organisation of Nigeria with the support of the Federal Ministry of Health, Federal 
Ministry of Water Resources and United Nations Children Fund (UNICEF). The final draft 
document of the Nigerian Standard for Drinking Water Quality was submitted to the Standard 
Organization of Nigeria (SON) Governing Council on 16 April, 2007 and was accordingly 
approved. The limits of the parameters are presented in Table 2-3.
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2.17 Summary
This chapter discusses concepts relevant to the water studies undertaken in this research. 
These include the water cycle and the types of surface and groundwater sources. This chapter 
critically reviews studies on water pollution globally with an important focus on previous 
studies undertaken in Nigeria which is relevant in providing a database for this research.
The chapter also reviews parameters and trace elements relevant to drinking water quality 
and water treatment technologies with emphasis on household and community levels. In 
addition, this chapter also reviews the literature on the history and operations of a slow sand 
filtration system.
Finally, this chapter highlights legislations relating to the guidelines and standards on 
drinking water quality of the World Health Organisation, the European Commission and 
some nations.
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Chapter Three
Experimental Programme
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3 Experimental Programme
3.1 Introduction.
This chapter gives a description of the study area. It also discusses in detail the materials and 
methods employed in the research study. This will be undertaken under two parts. Part one 
deals with strategies and procedures for data collection from 2009 to 2011. Part two is 
concerned with the data collected from 2012 to 2013.
3.2 Description of the Study Area -  Kaduna Metropolis, Nigeria
Kaduna metropolis is the capital of Kaduna State. The state is one of the 36 states that 
comprise the Federal Republic of Nigeria. The state shares borders with Zamfara, Katsina 
and Kano states to the north, Niger state to the west, Bauchi and Plateau states to the east and 
Nasarawa state and the Federal Capital Territory (FCT) to the south. The study area is 
composed of Kaduna North and Kaduna South Local Government Areas and parts of Chikun 
and Igabi Local Government Areas. Figure 3-1 shows the map of Kaduna State, Nigeria.
The GPS co-ordinates of the study area range from latitudes 10 24.447N to 10 35.004N and 
longitudes 007 24.245E and 007 28.886E which occupies a fairly central position in the 
northern region (Kowal and Knabe, 1972). According to the 2006 National Population 
Census Kaduna State has a population of 6.113.503 people. About 1.45 million people reside 
in the study area, representing about 24% of the population of the state (NPC, 2006).
Kaduna was established in 1917 as an administrative centre of the protectorate of Northern 
Nigeria by the colonial statute of Lord Lugard (Ikhouria,1993). Kaduna was transformed 
from being the capital of Northern Nigeria at independence in 1960 to that of the North 
Central State in 1967 comprising of Katsina and Zaria provinces. In 1976 the state had a 
change of name to Kaduna State. In 1987 the metropolis remained the capital of Kaduna State 
following the creation of Katsina State. Furthermore, it lies close to the river Kaduna from 
which it derives its name, Kogin Kadduna, in the local language -  Hausa, river of crocodiles
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The study area is roughly located in the centre of the Kaduna River Basin. The area is 
underlain by the basement complex comprising high grade metamorphic and igneous rocks 
such as migmatite, mica, quartz mica, schists, granite gneiss, biotite, granite, coarse- 
porphyritic, biotite granite and diorite (du Preez and Barber, 1965, Olugboye, 1975, 
Offodile, 1992 and Akujieze et al., 2003). Overlaying the solid geology are superficial 
deposits which consist of laterite, stream alluviam and top soil. The topsoils are in-situ 
deposits and seldom go deeper than the zone of aeration (Olugboye, 1975 ).
The distribution and circulation of groundwater are controlled by geological factors such as 
lithology, texture and structure of the rocks and by hydrological and meteorological factors 
such as stream flow and rainfall. According to du Preez and Barber, (1965 ) water can only 
be present if there are spaces in the rocks which are the interstices or pores. These spaces are 
formed between the composite mineral grains and voids such as crevices, joints, fissures, 
fracture-planes and solution cavities. In the basement complex rocks groundwater occurs 
either in the weathered mantle or in the joint and fracture systems in the weathered rocks. 
Basement complexes generally form poor sources of groundwater. The study area being 
composed of Basement complex rocks may therefore be described as a poor source of 
groundwater and of shallow aquifers. The shallow aquifers presuppose easy product 
infiltration which may contaminate the groundwater.
Kaduna Metropolis experiences the tropical continental climate (savanna) type of climate 
which has two distinct seasons in the year. The dry season starts from middle of October to 
late April and the wet season which lasts from April to October with each season lasting 
about six months. The hottest period is from late February to the beginning of June with April 
being the hottest month with a mean annual temperature of approximately 25 °C. The annual 
rainfall of aapproximately 1200 mm is usually recorded in the rainy season ( Mallo, 2000).
There are various types of primary activities found across the study area. Among these are 
urban agriculture practised on the outskirts of the metropolis and along the banks of the river 
Kaduna. Through this, the needs of the residents in food-stuffs, such as maize, potatoes and 
yams and vegetables and fish, are supplemented. Another type of primary activity practised 
in the study area is the mining and sale of crushed stones. These are needed in the 
construction activities in the Metropolis and are sourced from the quarries in the Malali,
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Kabala and Tudun Wada areas of the metropolis. There are also several sand quarries along 
the banks of the river Kaduna.
There are various types of commercial activities found in Kaduna Metropolis. They are 
mostly found in the city’s central business district (CBD), straddling from the Ali Akilu 
Road through Ahmadu Bello Way to Junction Road which ends at the Ahmadu Bello 
Stadium roundabout. There are, however, road intersections at Waff (Muhammadu Buhari) 
Road, Yakubu Go won Way, Ibrahim Taiwo Road, Kano Road, Lagos Street, Katsina Road, 
Jos Road and the Constitution Road. The main market is the Abubakar Gumi Central Market 
spanning a large expanse of land from Leventis Roundabout to Chechniya and Panteka, to 
veterinary market up to Ibrahim Taiwo Road. There are also smaller CBDs in parts of the 
metropolis such as Kawo, Tudun Wada, Bamawa, Unguwan Rimi and Sabo. The figure 3-2 
shows Ahmadu Bello Way, the main thoroughfare linking the city’s central business district.
Figure 3-2 Picture of Ahmadu Bello Way (part of the city’s central business district, CBD).
Ref: http://www.ramalanvero.com/wp-content/uploads/2Q 13/01/kaduna-abwa
As has been stated above Kaduna was established as the administrative capital of the northern 
region of Nigeria, however, it has benefited from policies for the location of industries as part 
of the overall efforts to develop the virgin land. Those policies made Kaduna Metropolis 
second only to Kano among cities in the northern part of Nigeria in terms of the number of 
industries.
The industries range from food and beverages companies, to bottling companies (eg.Coca 
Cola™ and Kronembough'^’^ ) to Peugeot Automobile of Nigeria (PAN) to the Defence
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Industries Corporation of Nigeria (DICON), the only one in the country and Kaduna Refining 
and Petrochemical Company (KRPC), the only refinery outside the oil bearing Niger Delta 
region of Nigeria. Others include textile companies which in 1970s & 1980s were the second 
largest employer of labour after the Government. Kaduna was then referred to as the 
Manchester of Nigeria due to the large number of textile factories in the metropolis. There are 
also small scale industries such as machine foundary, block making industries, carpentry and 
wood working factories all over the metropolis.
The study area, Kaduna Metropolis is served by all the transport media. These include 
air, railway, river navigation and roads. There are two airports. One belongs to the military 
and is located in the Nigerian Air Force Base and Domier airfield. It is the older of the two. 
There is also the Kaduna Airport which is used for commercial air travel. It links the 
Metropolis to other parts of the country and beyond. The study area was a major break and 
bulk point in the railway passenger and freight transportation from Lagos on the coast to 
Zaria, Kano and Maiduguri in the northern parts of Nigeria.
River navigation is not a popular means of transportation. It is limited to the outlaying 
settlements via the river Kaduna on the north-east and south-west parts of the metropolis. On 
the other hand, road is the most popular and easily accessible means of transportation. The 
various parts of the study area are generously served by express ways, major and minor 
roads. The metropolis is also a major junction on the express ways and highways criss 
crossing the length and breadth of the entire country. The picture (Figure 3-2) of Ahmadu 
Bello Way shown above is one of the several road networks found in the study area.
3.3 Preliminary, detailed and follow-up studies (2009 to 2011).
The four phases of the experimental programme were conducted over four field trips to 
Nigeria from 2009 to 2013. The breakdown of the phases is shown in Figure 3-3 and while 
Table 3-1 provides an overview of the experimental programme undertaken for the research 
work. The programme is separated into four phases.
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Figure 3-3 Plan of the Experimental Programme
Phase One- began with a desktop study at the University of Surrey from January to April, 
2009. It involved the delineation of the sampling sites based on the knowledge of the study 
area and the determination of sampling strategies to adopt for the experimental programme.
Phase Two- this phase was conducted in May and June 2009. It comprised the first field trip 
to Nigeria. The main objective was to undertake a reconnaissance survey to delineate the land 
use types from which water samples were collected. The selection of land use types 
employed a systematic sampling technique. It was to ensure that all sampling points were in 
locations that are representative of the different land use activities found in the study area. In
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addition, only activities that are sited within a close range of streams or hand dug wells were 
sampled.
In the preliminary studies (phase two) the parameters analysed included pH, temperature, 
electrical conductivity, total dissolved solids, dissolved oxygen, biochemical oxygen demand 
and faecal coliforms. Consequently, sampling points were selected at the following locations 
in the study area.
Table 3-1 Phases two and three experimental programme sampling points (groundwater and 
surface water)
Code Location Description (depth 
dug wells in metres)
of hand Activity
ORF (GW) Refinery area 7 Petroleum
KPS (GW) Kawo motor garage 6 Commercial
TPS (GW) Unguwar Sanusi 15 Domestic
OPS (GW) Unguwar Sarki 50 Commercial
NPK (GW) Kminin Mashi 1 Industrial
ASB (GW) Asikolaye 5 Industrial
BNG (GW) Bamawa 1 Agi i cultural
FGM (GW) Mando 8 Domestic
RDS(SW) Refmeiy area Stream draining 
effluents
refinery Petroleum
CDR (SW) Refinery area Confluence of refinery drains 
and Romi river
Petroleum
RKS (SW) River Kaduna Stadium Perennial river Industrial
Key;- ORP- Outside Refinery, KPS- Kubarachi Petrol Station, TPS- Total Petrol Station, OPS- Oando Petrol Station, NPK- 
N ew  Panteka, ASB- Asekolaye Badiko, BNG- Bamawa Garden, FGM- Farin Gida Mando, RDS- Refinery Drains, CDR- 
Confluence o f  Refhery Drains and River Romi, RKS- River Kaduna Stadium, GW- Groundwater, SW- Surface Water.
Phase Three- this was conducted from June to August 2010 and comprised detailed and 
follow-up studies. The detailed studies was carried out from the same sampling sites as in 
preliminary studies (phase two. Table 3-1) whist the follow-up studies was conducted from 
sampling sites as shown in Tables 3-2 and 3-3). This second experimental programme 
considered the problems encountered in the preliminary studies (phase two). The problems 
related to the laboratories used for the analysis of water samples. They also related to the 
difficulties and irregularities in taking samples to local laboratories for the analysis of 
parameters that should have been determined in-situ. The parameters were pH, temperature.
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electrical conductivity and total dissolved solids. In order to overcome these problems 
portable HANNA HI 991300 probe which measures the above four parameters was used 
during the water sampling of phase three. Del Agua water kit was also used for the 
examination of faecal coliforms in water. The Del Agua instrument is fitted with portable, re- 
useable petri dishes; rechargeable battery which is used where electricity is not stable. It is 
also fitted with containers and rope for taking samples from either wells or streams (refer to 
section 3.6). Both instruments were taken from the microbiology laboratory. Centre for 
Environmental and Health Engineering, University of Surrey. All the equipment were duely 
calibrated prior to experimental runs.
The follow-up studies were conducted in March 2011. The experimental programme was 
conducted from 113 sampling points (85 surface water and 28 groundwater. Tables 3-2 and 
3-3) comprising the sampling points used in the phase two with the addition of new sampling 
points. The experimental programme was designed for the determination of trace elements in 
the water sources of the study area. The trace elements were analysed using an inductively 
coupled plasma mass spectrometer (ICP-MS) Agilent 7700 series instrument with an ASX- 
500 series auto sampler. In addition to the trace elements other parameters determined were 
pH, temperature, electrical conductivity, and total dissolved solids.
In relation to the determination of trace element levels in the water samples a preliminary 
evaluation of the accuracy and precision levels of the ICP-MS instrument were evaluated 
using a standard reference material (SRM) 1643e ‘Trace Elements in Water’ (National 
Institute of Standards and Technology, Maryland, USA) and a certified reference material 
(CRM) TMDA 54-4 ‘A trace element fortified calibration standard’ (National Water 
Research Institute, Ontario, Canada). Calibration was used as a multi-element standard by 
diluting a series of standards, ranging from the blank from (1% HNO3  AristaR®, Fisher 
Scientific Ltd, Leicestershire, UK).
The elements analysed were As 75, Cd 111, Co 59, Cr 52, Cu 63, Fe 56, Mn 55, Mo 95, Ni 
60, Pb 208, Sb 121, Se 78, U 238, V 51 and Zn 6 6 . Internal standard correction was 
undertaken using 100 ^ig/L stock solution of ^^Ge, ^^ I^n and Bi in order to evaluate 
possible signal fluctuations due to the ICP-MS instrument performance changes during the 
measurement of the samples. This could be due to nebuliser or interface cone blockage or 
plasma interferences (Vandercasteele and Block, 1993).
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The sampling points for the follow-up studies are shown in Tables 3-2 and 3-3.
Groundwater samples were collected from hand dug wells by using plastic container tied to a 
rope while surface water samples were collected from streams and rivers. Tap waater samples 
were collected from domestic or residential sampling sites across the study area.
Table 3-2 Selection of Groundwater Sampling Points
Code Location Description (depth of hand dug 
wells in metres)
Activity
ORF Refinery area 7 Petroleum
KPS Kawo motor garage 6 Commercial
TPS Unguwar Sanusi 15 Domestic
OPS Unguwar Sarki 50 Commercial
NPK Kurmin Mashi 1 Industrial
ASB Asikolaye 5 Industrial
ENG Bamawa 1 Agricultural
FGM Mando 8 Domestic
DMG 01 Tudun Wada, Zango 10 Domestic
DMG 02 Hayin Banki 15 Domestic
DMG 03 Badarawa, NEMA 13 Domestic
DMG 04 Badarawa 15 Domestic
DMG 05 Asikolaye 01 10 Domestic
DMG 06 Asikolaye 02 12 Domestic
DMG 07 Panteka 2 Domestic
DMG 08 M ando, Kawo 6 Domestic
DMG 09 Unguwar Sarki 40 Domestic
DMG 10 Bamawa 5 Domestic
AGGOl Kunuin Mashi 01 5 Agricultural
AGG 02 Kurmin Mashi 02 5 Agricultural
AGG 03 Rafin Guza 10 Agricultural
AGG 04 Hayin Dan Mani 2 Agricultural
AGG 05 Mando bridge 3 Agricultural
DMG 11 Bamawa 2 Domestic
DMG 12 New Barracks 7 Domestic
DMG 13 Hayin Banki 8 Domestic
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Table 3-3 Selection of Surface water Sampling Points
Code Location Description Activity
RASOl- Refinery area Stream draining refinery Petroleum
RAS12 effluents
CDR Refinery area Confluence of refinery Petroleum
drains and Romi river
INSOl - River Kaduna Stadium Perennial river Industrial
INS 25
INS26 - Nasarawa, Bridge Perennial river Industrial
INS 46
INS 47 - Kudandan, Bridge Perennial river Industrial
INS 51
INS 52 - Panteka Stream Industrial
INS 55
INS 56 Bakin Ruwa Perennial river Industrial
INS 57 Rafin Guza Perennial river Industrial
INS 58- Eye Centre Stream Industrial
INS60
INSOl- Kudandan Perennial river Industrial
INS04
DMT 01 Bamawa 01 Tap water Domestic
DMT 02 Bamawa,02 Tap water Domestic
DMT 03 Unguwan Rimi Tap water Domestic
DMT 04 New Barracks, Kawo Tap water Domestic
DMT 05 WAEC Office, Kawo Tap water Domestic
DMT 06 Badarawa, NEMA Tap water Domestic
DMT 07 Ali Akilu Road Tap water Domestic
DMT 08 Panteka Tap water Domestic
DMT 09 T/Wada, Zango 01 Tap water Domestic
DMT 10 T/ Wada, Zango 02 Tap water Domestic
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Figure 3-4 Study Area -  Kaduna metropolis showing some sampling sites
Footnote: Sampling sites refer to the details in Tables 3-1 to 3-3
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Table 3-4 Certified and calculated elemental concentrations for SRM 1643e and CRM TMDA 
54-4 measured using ICP-MS
Element SRM 1643e (pg/L) CRM TMDA 54-4 (pg 1/L)
Calculated* Certified RSD (%) Calculated* Certified RSD (%)
’^ As 51.47 60.45 1.82 42.14 43.6 1.89
i"Cd 5.74 6.568 6.27 146.11 158 1.67
^Co 24.15 27.06 3.43 292.08 309 2,63
^Cr 25^2 20.4 3.06 427.33 438 2.25
*^ Cu 17.72 22.76 3.70 38927 443 :263
92.72 98.1 3.25 354.38 382 2.76
^^Mn 30.34 3R97 2.79 240.35 275 2.47
^^ Mo 160.69 121.4 1.74 363.68 295 1.47
60ni 49.86 62.41 3.73 316.41 337 2.37
208pb 18.18 19.63 0.83 457.75 514 1 . 2 1
i '^Sb 57.69 58.3 6.77 26.26 25.7 1.72
’*Se 9.37 11.97 2 . 0 0 32.30 33 2.15
238u 9.75 - 3.77 59.05 57.3 0.79
S l y 33.12 37^6 3.04 326.04 340 2.43
61.23 78.5 1.58 524.35 537 2.06
Footnaote- * Calculated value is the mean of n = 5 replicate measurements.
Table 3-4 reports the validation data for the two certified reference materials (SRM164e, 
CRM TMDA 54-4). The calculated data (obtained by correcting for the blank and a ratio 
against the internal standards signal, from which the linear line equation y = mx + c was 
obtained for each element) is presented as the mean of five replicate ICP-MS instrument 
measurements. The precision levels are also reported as the relative standard deviation (RSD 
%).
Table 3-4 also reports the centrified values for both reference materials. In general there is 
very good agreement between the calculated and certified values confirming that the ICP-MS 
instrument was able to provide good levels of accuracy. Furthermore, the precision levels
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were all below 10% confirming good levels of reproducibility. This confirms that the 
instrumental parameters used are good for the determination of trace elements in water 
samples (Famfield, 2012).
3.4 Multi Stage Filtration System Design, Construction and Operation (2012 
to 2013).
(a) Phase Four- multi stage filtration system design, construction and operation.
This phase comprised the design, construction and test-running the multi stage filtration 
system at laboratory pilot scale in the University of Surrey and the eventual field application 
in Kaduna Metropolis, Nigeria. The first part involved the design and construction of a multi 
stage slow sand filtration set-up in the Microbiology laboratory. Centre for Environmental 
and Health Engineering (CEHE), University of Surrey. The design of a multi stage filtration 
set up is shown in figure 3-5. The pilot seale system was run fi*om February to November 
2012. The materials required for the filtration set up were:
i) Oxfam 12 litre plastic buckets;
ii) pipes ( 1 . 2  cm diameter);
iii) fittings and clamps;
iv) media of different specifications (gravel and sand) and gradations; and
v) washing of the media -  the media (gravel and sand) which were obtained from the 
Thames Water company. The gravel were washed five times every day with tap water 
and submerged under water overnight. This procedure was repeated for five days. On 
the final day the water used in washing the gravel was found to be very clean (by 
visual inspection) and without any speck of solid material. The gravel were then dried 
and stored in plastic containers and covered by a lid. The sand was not washed 
because it was prepared for use by Thames Water. The plastic buckets were fitted 
with the pipes and clamps and finally assembled. The media were also loaded into the 
various stages (as shown in Figure 3-6). The multi filtration set-up was then test run 
with tap water to monitor any leaks in the various stages.
6 0
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Figure 3-5 Design of multi stage filtration system set up
(b) Design, construction and operation o f Multi Stage Fitration System, field applications in 
Kaduna Metropolis, Nigeria (2012 to 2013).
The multi stage filtration system that was was subsequently developed for field applications 
in Kaduna Metropolis, Nigeria. Five systems were constructed and installed in a seeure 
location. The systems were run with raw water from five land use types. The materials used 
in the set up were also locally sourced. These inelude:
i) 50 litre plastic containers used for storing water samples;
ii) 25 litre plastic jerry cans used for carrying water samples from the sampling points 
to the site o f filtration set up;
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iii) pipes ( 1 . 2  cm diameter);
iv) fittings and clamps; and
v) media of different specifications (gravel and sand) and gradations.
The gravel and sand were sieved into the required range of specification. The effective grain 
sizes range from 0.6-2.0 mm (Huisman and Wood, 1974). The materials were then washed 
five times every day for five days and after each day the materials were left submerged under 
water. The materials were then sun dried for one day under tropical conditions. The media 
were then loaded on to the containers. The containers were then fitted with pipes and clamps. 
The filtration set-up was then loaded with tap water and monitored for any leaks. The multi 
stage filtration system was then ready for filtration runs in the sampling sites of Nigeria.
Water samples were collected every week day. There were five teams of local individuals 
who were dispatched to selected sampling points. There was co-ordination between the teams 
in how to collect water samples starting fi*om 7.00 to 7.30 am every day. After the collection 
of samples the teams would transport the samples to the site of the filtration set-up. Water 
samples were then loaded on to the respective containers and the filter runs began at 9.00 am 
every sampling day. The diagram of the field based filtration set up is shown in Figure 3-6. It 
was, however, replicated into five similar filtration set-ups in order to treat water from 
different sources of land use.
(c) Selection of sampling points for field work multi stage filtration system set-up.
Five major land use types were selected. They were two sources of groundwater -  domestic 
and commercial and three sources of surface water -  domestic, commercial and industrial 
areas.
Four sampling points or locations were selected under each land use type bringing the total to 
20 sampling points. The breakdown of the sample points is shown in Table 3- 5
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IFigure 3-6 Photo of multi stage filtration system set up in Kaduna Metropolis, Nigeria 
Table 3-5 Selection of sampling points
Land use types Sampling points
Domestic areas Farin Gida Mando Abuja Road Rigasa Unguwan Sanusi Makarfi Road
groundwater (FGM) (ARR) (USS) Rigasa (MRR)
(DMGW)
Commercial areas New Panteka Arochukwu/ Asikolaye Badiko Unguwan Malam
groundwater (NPK) Junction Road (ABD) Yau (UMY)
(CMGW) (AJR)
Domestic areas Hayin Banki (HBK) Malali/ Badarawa Hayin Malam Bello Amigo Junction
surface water (MBD) (HMB) (AJN)
(DMSW)
Commercial areas New Panteka Yakubu Go won Zango Tudun Wada Bakin Ruwa (BKR)
surface water (NPK) Way (YGW) (ZTD)
(CMSW)
Industrial areas Farin Gida Mando Kudandan River Kaduna River Kaduna
surface water (FGM) Industrial Area Unguwan Muazu Tirkania (RKT)
(INSW) (KIA) (RKM)
63
3.5 Sampling Programme
Prior to the water sampling, sample bottles were bought, marked and coded with specific 
identification codes. The code for each sample was based on the point of sampling, type of 
activity, type of source and the parameter to be analysed. The Department of Biological 
Sciences, NDA, Kaduna, provided sample bottles for the determination of microbiological 
parameters. The bottles were autoclaved before sampling. The Centre of Environmental and 
Health Engineering (CEHE), University of Surrey provided the kits and equipment for field 
testing of temperature, pH, electrical conductivity and total dissolved solids. A Del Agua kit 
for testing microbiological parameters was also used.
3.5.1 Sampling
For samples to be credible they must meet the requirements of sampling and not deteriorate 
or become contaminated before analysis. Samples were contained in plastic containers which 
were washed several times, rinsed with distilled water and finally dried. For the 
determination of dissolved oxygen and biochemical oxygen demand samples were contained 
in glass BOD bottles. In addition to that, containers for samples of microbiological 
parameters were autoclaved. Samples were carefully chosen to ensure that the analytical 
results represent the actual sample composition (APHA, 2005).
3.5.2 Sampling Methods
Samples were collected in duplicates at all sampling points.
(a) Groundwater sampling- in this method a container was tied to a rope and lowered into a 
well. Water was fetched at the water table level and at a depth below (typically 0.25m). The 
water was poured into sampling bottles, filled to the brim, capped and tightened.
(b) Surface water sampling- to be able to collect samples firom surface water sources 
especially, perennial rivers, research assistants got into a canoe. Inside the canoe a container 
was lowered into the river against the direction of flow (to a depth of < 0.25m). The water 
content was then poured into sampling bottles, filled to the brim, capped and tightened. Water
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samples for the multi stage system were collected in duplicates using 25 litre plastic 
containers (jerry cans) which were then loaded on to the filtration set-up.
3.5.3 Preservation of Samples
It is necessary to shorten the interval between collection of samples and analysis for the 
reliability of the analytical results (APHA, 2005). In order to minimise the potential of 
analyte volatilisation or biodégradation between sampling and analysis some parameters were 
measured in situ; for others, samples were kept as cool as possible using ice packs. Samples 
were not immediately analysed but kept in a refrigerator at approximately 4 °C.
3.6 Laboratories
The samples were analysed in these laboratories: - Department of Biological Sciences, NDA, 
Kaduna, Ecolab Nigeria Limited, Kaduna, National Research Institute for Chemical 
Technology, Zaria and the Division of Chemical Sciences, University of Surrey, UK.
3.6.1 Department of Biological Sciences, Nigerian Defence Academy 
(NDA), Kaduna
The department was established in 1985 following the upgrading of NDA to a degree 
awarding military university. It is in its laboratory that microbiological parameters were 
analysed.
3.6.2 National Research Institute for Chemical Technology (NARICT), 
Zaria.
This centre began as Hides and Skins Demonstration and Training Project. It was established 
by the Food and Agriculture Organisation (FAQ), United Nations Development Programme 
(UNDP), Federal Government and Government of Northern region in 1964. In 1972, FAQ 
and UNDP handed over the project to the Government of Nigeria. It was renamed the Leather 
Research Institute of Nigeria (LERIN) in 1976.
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In 1988 the Institute’s mandate was expanded to include research and development and offers 
consultancy services for chemicals and chemical technology. That brought about another 
change in name which it currently bears. Lead, oil and grease were analysed in the 
NARICT’s laboratories.
3.6.3 Ecolab Nigeria Limited, Kaduna
This is a private laboratory that undertakes analyses for governments, private companies and 
individuals. Physical and chemical parameters were analysed in this laboratory.
3.6.4 Department of Chemical Sciences, University of Surrey, UK
Water samples were analysed for trace elements in the ICP-MS Facility using an inductively 
coupled plasma- mass spectrophotometer.
3.6.5 Analysis of Water from the Multi Stage Filtration System.
In addition to the parameters mentioned above turbidity levels at the various stages of the 
filtration set-up were also analysed. Turbidity measurements were carried out using a hand­
held 21 OOP Turbidimeter. Samples for the determination of trace elements were not filtered 
and were collected in duplicates The impact of not filtering water samples is to modify the 
trace element levels during transport and storage as suspended particulates, microorganisms 
and ‘soil-based’ media, such as clays and organic matter, will absorb the elements onto the 
particle surfaces or form chemical complexes. These water samples were then brought by 
courier service to the ICP-MS Facility, Department of Chemistry, University of Surrey (refer 
section 3.5.4).
3.7 Statistical Analysis
In order to consolidate the large volume of data into manageable proportions the mean of the 
data were calculated. It was from the means or average values that statistical analyses of the 
data were made. The summary statistics comprised of mean, standard deviation, minimum.
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maximum and range. In addition to the summary statistics, t and /  statistical analysis were 
undertaken for sub population studies.
3.7.1 t -  test of paired means
The statistical tool used was a paired t test which looked at the difference between each pair 
of results, for instance the values of a particular parameter in relation to any pair of land use 
sites (Miller and Miller, 1988).
The null hypothesis states that there is no significant difference in the means of the parameter 
in any pair of land use.
The formula for the paired t test is
Equation 3-1 Comparison of the means of two samples
-  {(^ I ~ + (^ 2 “ } /k  + # 2 - 2 }
t -  test has 2  degrees of freedom (df).
The null hypothesis is rejected if the table (tcrit) value is less than the calculated (teal) value 
whilst the null hypothesis is accepted if the table (tcrit) value is greater than the (teal) 
calculated value.
3.7.2 F  -  test for the comparison of standard deviations
The F  -  test considers the ratio of the two sample variances, i.e. the ratio of the squares of the 
standard deviations (Miller and Miller, 1988; Salkind, 2014).
The quantity calculated (F) is given by:
Equation 3-2 F-test for comparison of standard deviation
i=’=SiVS2^
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The null hypothesis is rejected if the calculated value of F  exceeds the critical (table) value 
while the null hypothesis is accepted if critical (table) value exceeds the calculated value.
3.8 Summary
This chapter covers the description of the study area involving the location, position and 
history of its establishment by the British colonialists to its present status as the capital of one 
of the 36 states in Nigeria. The chapter also covers the experimental programme which 
comprises the delineation of the study area into sampling points, laboratory and analytical 
methods that produced data used for the research work.
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Chapter Four
Results and Discussion -  
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4 Results and Discussion -  Evaluation of Surface and Groundwater 
Quality in Kaduna Metropolis, Nigeria (2009 - 2011).
4.1 Introduction
This purpose of this chapter is to evaluate the nature and extent of surface and groundwater 
quality in Kaduna Metropolis, Nigeria. The objectives were to undertake the delineation of 
the study area into sampling points as defined in phase one at the University of Surrey (refer 
to chapter three, section 3.3, Table 3-1); following the delineation exercise to undertake water 
sampling and analysis as defined in phases two and three under local Nigerian conditions 
(Table 3-1) and to establish the level of trace element and microbiological contamination 
with regards to the Guideline limits and Standards of World Health Organisation and the 
Nigerian Government (refer to section 2.16 & Table 2-3).
The phase two water quality preliminary studies were undertaken in June and July 2009 (refer 
to section 3.3). Phase three comprising (stage one) detailed and (stage two) follow-up studies 
were undertaken from June to August, 2010 and March, 2011, respectively (Tables 3-1 to 3- 
3). The study area was delineated into different land use types and water firom surface and 
groundwater sampling points were collected and analysed in laboratories. See chapter three- 
Experimental Programme for details.
4.2 Preliminary Evaluation of Surface and Groundwater Quality in Kaduna 
Metropolis, Nigeria, 2009.
The preliminary studies were undertaken in June and July 2009 (refer to section 3.3, Table 3- 
1). The results showed that pH levels were below the World Health Organisation (WHO) and 
Nigerian Government Guideline Limits (Tables 4-1 & 4-2) in five out of eight groundwater 
sampling points and in one surface water sample point. There were no temperature limits 
relating to water. The only requirement is water must not be of high temperature to be 
harmful to the living organisms. The mean temperature levels ranged from 26.0 to 27.7 °C 
and from 24.6 to 29.8 °C in groundwater and surface water sampling points, respectively 
(Tables 4-1 & 4-2).
The levels of electrical conductivity levels were below the guideline limits (Table 2-3) for all 
the sampling points (surface and groundwater. Tables 4-1 & 4-2). The sampling points with
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higher levels of electrical conductivity in relation to others may be accounted for by the 
underlying geology, especially in relation to the presence of salts. The levels of total 
dissolved solids followed the same pattern as electrical conductivity (Tables 4-1 & 4-2). The 
dissolved oxygen levels were below the WHO and Nigerian Government Limits (Table 2-3). 
Mean Dissolved oxygen (DO) levels ranged from 1.3 to 3.7 mg/L in groundwater and from
1.4 to 4.1 mg/L in surface water at the various sampling points. The mean levels of 
biochemical oxygen demand ranged from 26.2 to 27.7 mg/L and from 16.1 to 440.0 mg/Lin 
groundwater and surface water sampling points respectively (Tables 4-1 & 4-2). The levels of 
faecal coliforms were found to be above the limits of the regulatory agencies (Table 2-3) in 
all surface waters (Table 4-2) and at all but one groundwater sampling points (Table 4-1). 
The site at which no record of the presence of faecal coliform was made was in a newly dug 
hand dug well. Low levels of faecal coliforms were recorded in two surface waters which 
may be due to fast running water at these sampling sites.
The results of phase one of the preliminary evaluations showed varying levels of water 
contamination in all surface and groundwater sources of the study area. This main focus of 
the preliminary studies enabled the sampling team to become acquainted with:-
(a) the sampling, collection and storage conditions during the exercise in the field;
(b) the identification of potential problems with laboratories used in Nigeria, and
(c) to learn and devise a more systematic and rigorous experimental procedure for the
next phase of the study.
4.3 Detailed Evaluation of Surface and Groundwater Quality in Kaduna 
Metropolis, Nigeria, 2010.
Phase three, stage one, the detailed studies was conducted five times on fortnightly basis from 
June to August 2010 (refer to section 3-3). The detailed studies were a consequence of what 
was learnt from preliminary studies (section 4-2). The number of sampling points in the 
detailed studies was increased from four to seven for surface water sources.
The problems encountered in phase two (preliminary studies stage) were overcome by using 
different instruments from the University of Surrey, CEHE Laboratory. These included the 
ELANNA HI 991300 four in one pH meter. Prior to measurement the pH meter was calibrated
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(refer to section 3.6). A Del Agua portable water kit was used for determination of faecal 
coliforms. The results showed the levels of pH to be slightly acidic for samples collected 
from all groundwater sample points (Table 4-3). Excessively low levels were recorded for the 
Kubarachi petrol station (KPS, 4-6) and Oando petrol station (OPS, 4.4) sites which may be 
due to accident by a tanker that resulted in a spillage of petroleum products. The temperature 
levels were found to be at ambient temperatures for all the areas at the time of sampling. 
Other ambient conditions were clear, cloud free skies in a dry season.
The levels of electrical conductivity (EC) and total dissolved solids (TDS) were generally 
below the Guideline Limits of the Nigerian Government. Slightly high levels of EC were 
recorded at the Total petrol station (TPS), Oando Petrol Station (OPS) and New Panteka 
(NPK) sites. The levels of dissolved oxygen (DO) were varied with some values below and 
others above the limits of the regulatory bodies. The mean DO values ranged from 1.7 to 3.8 
mg/L. The mean BOD values ranged from 6.9 to 12.8. The results showed levels of faecal 
coliforms to all be above the Guideline Limits at all sampling points. The mean values ranged 
from 4.4 to 12.0 cfu/100 mL.
For all surface water sampling points similar results were recorded (Table 4-4). The pH levels 
were largely within the World Health Organisation (WHO) and Nigerian Government 
Guidelines (Table 2-3). The temperature levels were found to be at ambient temperatures for 
all areas as at the time of sampling. The levels of electrical conductivity (EC) and total 
dissolved solids (TDS) were below the limits at all sampling points. The mean values ranged 
from 52.0 to 628.0 pS/cm (EC) and from 31.0 to 350.0 mg/L (TDS), respectively (Table 4-4). 
The dissolved oxygen (DO) levels were lower than the limits of the regulatory bodies (Table 
2-3). The mean DO values ranged from 1.3 to 3.4 mg/L (Table 4-4). This is contrary to what 
would be expected for the re-oxygenation of flowing water.
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The mean BOD values ranged from 6.0 to 16.5 mg/L (Table 4-4). Faecal coliforms were 
recorded in all sampling points. The mean values ranged from 14.6 to 19.6 cfu/lOO mL 
(Table 4-4). The high levels of faecal coliforms in groundwater may be due to the discharge 
of domestic sewage into water bodies particularly the proximity of latrines to hand dug wells. 
In the surface water it may be caused by the indiscriminate open defecation which is then 
washed into water courses and subsequent mixing through urban run-off waters.
4.4 Discussion - Preliminary Studies (June and July, 2009) and Detailed 
Studies (June to August, 2010).
(a) pH.
The results for detailed studies showed similar trends with the results obtained in the 
preliminary studies. Groundwater sampling points had mean pH ranging from 4.4 at Oando 
Petrol Station (OPS) to 6 . 6  at the New Panteka (NPK) site (Table 4-3), showing a tendency 
for slightly acidic waters at some sampling points. The presence of slightly high acidic 
conditions at some sampling points may be due to the dissolution of rock minerals. This may 
also be responsible for the higher mean electrical conductivity values at these sampling 
points. The pH values for the detailed studies agree with the results of Kemdirim (2005) who 
reported data for this region and Kontis and Gaganis, (2012).The mean pH values for surface 
water ranged from 6.3 at the Confluence of Refinery Drains and River Romi (CDR) site to 
6 . 8  at the River Kaduna Stadium (RKS) site which were within the drinking water quality 
limits of the various regulatory authorities (Table 4-3).
(b) Temperature ( ”C)
Data for the sampling points confirmed high temperature levels which were to be expected as 
the local ambient temperatures and similar in this region of Nigeria. In preliminary studies 
the values were 26.0 ^C at the New Panteka (NPK) site and 27.7 ^C for the Outside Refinery 
(ORF) and Farin Gida Mando (FGM) sites (groundwater) (Table 4-1). For the surface water
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the mean temperature values ranged from 24.6 C at New Panteka (NPK) to 29.8 (Table 4- 
2).
In the detailed studies the mean temperature values for groundwater ranged from 21.6 at 
the Kubarachi Petrol Station (KPS) to 28.6 for the Bamawa Garden (BNG) (Table 4-3) 
and for surface water from 26.3 at New Panteka (NPK) to 32.8 at the Refinery Drains 
(Table 4-4). The relationship between temperature and pH was examined and with an 
increase in the former the value of the latter slightly decreased. High temperatures were as 
expected in the period preceding the rainy season with intermittent high intensity levels of 
solar radiation (Kemdirim, 2005). Groundwater may be affected by the decomposition of 
waste and organic input from surface litter and decomposing leaves, vegetation, etc.
(c) Electrical conductivity (EC, pS/cm).
The mean electrical conductivity (EC) values for preliminary studies differ from one 
sampling point to another. The mean values ranged from 65.3 pS/cm at Farin Gida Mando 
(FGM) to 942.5 for the Total Petrol Station (TPS) site (Table 4-1). These groundwater values 
were lower than those for the Nigerian standards. At the surface water sampling points the 
mean values ranged from 79.5 pS/cm at River Kaduna (RKK) to 482.0 pS/cm at the New 
Panteka (NPK) site (Table 4-2).
The data for detailed studies confirmed electrical conductivity mean levels for groundwater 
ranging from 73.0 pS/cm at Farin Gida Mando to 788.0 pS/cm (Table 4-3). For surface 
water the mean values ranged from 52.0 pS/cm at River Kaduna Stadium (RKS) and River 
Kaduna Zango (RKZ) sites to 628.0 pS/cm at the New Panteka (NPK) site (Table 4-4). 
Higher values for groundwater may be due to the dissolution of local soils and the presence 
of salts. The presence of salts is expected as surface salt deposits are common in some parts 
of Nigeria, especially in regions with a history of ‘marine’ or estuary water. (Eggermont et al., 
2008). Higher levels may also be attributed to the acidic nature of the geosphere as the data 
correlated with low pH values in the region.
On the other hand, low levels of EC for surface water may be due to continuous flow of 
water which constantly carries away dissolved ions and salts. This follows the expected 
‘dilute and disperse’ principle of releasing pollutants into the environment. High levels of 
electrical conductivity recorded at New Panteka may be due to the dumping of waste.
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including metal drums, cars and linear low density polyethylene (LLDPE) or plastic bags. 
This is a commercial area with many vehicles repair stations.
(d) Total dissolved solids (TDS, mg/1).
The total dissolved solid (TDS) levels showed similar trends to those for electrical 
conductivity. In preliminary studies the mean groundwater values ranged from 41.4 mg/L at 
the Kubarachi Petrol Station (KPS) to 749.0 mg/L at the Total Petrol Station (TPS) (Table 
4.1). In surface water the mean values ranged from 62.8 mg/L at the River Kaduna (RKK) 
site to 387.8 mg/L for New Panteka (NPK) (Table 4.2). Interestingly, petrol stations seem to 
be associated with increased groundwater TDS levels. Such sites have vehicle repair 
activities, waste car components and fuel drum waste storage.
In detailed studies the mean values of TDS in groundwater ranged from 46.0 mg/L at Farin 
Gida Mando (FGM) to 440.0 mg/L at New Panteka (NPK) (Table 4.3). For surface water the 
mean values ranged from 31.0 mg/L at River Kaduna Stadium (RKS) to 350.0 mg/L at the 
New Panteka (NPK) (Table 4.4). Total dissolved solids levels were below the Guideline 
Limits for the WHO at all sampling points (surface and groundwater). In addition, the values 
were above the U.S. EPA maximum contaminant levels and Nigerian Standards at a few 
groundwater sampling points, probably due to rock dissolution or anthropogenic activities 
especially where low pH values were also recorded. Relatively high levels were recorded at 
New Panteka as had been identified during the first sampling study.
(e) Dissolved oxygen (DO, mg/1).
The levels of dissolved oxygen (DO) were below the Drinking-water Guideline Limits of 
WHO (Table 2-3) at all sampling points. In preliminary studies, groundwater the mean values 
ranged from 1.3 to 3.7 mg/L (Table 4-1). For surface water sample points the mean values 
ranged from 1.4 to 4.1 mg/L (Table 4-2) Dissolved oxygen depletion may be caused by a 
combination of factors such as flooding and effluent discharges from domestic and industrial 
areas.
For detailed studies the results showed a similar trend. The mean groundwater values ranged 
from 1.7 to 3.8 mg/L in the hand dug wells in both petrol stations (Table 4-3). For surface
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water the mean values ranged from 1.3 to 3.4 mg/L (Table 4-4). These values are 
significantly lower than those reported by Kemdirim, (2005) who collected samples at 
similarities of the study area. However, the data of this research agree with the work of Xu et 
ah, 2009 and others in SW Nigeria (Adekunle et al., 2007).
(f) Biochemical oxygen demand (BOD, mg/1).
The low levels of dissolved oxygen were further exacerbated by the rather high levels of 
biochemical oxygen demand (BOD) at some sampling points. . The mean values in 
preliminary studies ranged from 26.2 to 27.7 mg/L (Table 4-1). For surface water the mean 
values ranged from 13.6 to 440.0 mg/L (Table 4-2). The high levels of BOD are similar to 
those reported by Omo- Irabor et al., 2008) who reported that such findings may be caused by 
industrial, domestic and agricultural effluents.
In detailed studies the mean groundwater values ranged from 6.9 to 12.8 mg/L (Table 4-3) 
and from 6.0 mg/L for surface water samples (Table 4-4). For the surface water the mean 
values ranged from 7.3 for River Kaduna Tirkania to 16.5 mg/L for Confluence of refinery 
drains and river Romi (Table 4-4). Low levels of BOD measured at surface water sampling 
points may be accounted by the continuously flowing streams and rivers causing dispersal 
and transportation of contaminants.
(g) Faecal coliforms (cfu/100 ml).
The results showed high levels of microbiological contaminants at all sampling sites 
especially faecal coliforms which were found to be above the drinking-water Guideline 
Limits for WHO, U.S.EPA maximum contaminant levels and Nigerian standards (Table 2-3). 
In preliminary studies the mean groundwater values of faecal coliforms ranged from 2.8 cfu/ 
100 mL at New Panteka (NPK) to 104.5 cfu/ 100 mL at the Bamawa Garden (BNG) site 
(Table 4.1). One sample point -  Oando Petrol Station (OPS) recorded zero coliform value. 
This may be due to the newness of the hand dug well at the time of sampling. On the other 
hand, high levels of faecal coliforms found at the Bamawa Garden (BNG) site may be due to 
the location of a plant nursery nearby and water from the well was used to water the plant
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seedlings. For surface water sampling points the mean values of faecal coliforms values 
ranged from 3.5 cfii/ 100 mL at River Kaduna (RKK) to 42.5 cfu/100 mL at the Refinery 
Drains site (Table 4-2).
In the detailed studies the groundwater of faecal coliforms values ranged from 4.4 to 10.0 
cfii/mL (Table 4-3) and from 14.6 to 19.6 cfu/mL for surface water sampling points (Table 
4.4). Similar high levels of coliforms above the limits were reported for a rural settlement in 
SW Nigeria (Adekunle et al., 2007) and at oil producing communities in Nigeria (Ejechi et 
al, 2007).
The probable sources of coliforms in groundwater would be the improper handling of wastes 
from domestic and agricultural areas which ultimately contaminated surface water through 
dumping of waste into water courses (Musamba & Mazvimavi, 2008). Moreover, the poor 
sanitary condition of wells has also been reported (Machiwa, 1992, Bordalo and Sawa- 
Bordalo, 2007 and Adekunle et ah, 2007) in Nigeria and other African countries.
The results of the detailed studies confirmed those of the preliminary studies regarding the 
presence of microbiological contamination of water due to anthropogenic activities.
4.5 Results and Discussion - Follow-up Studies on the Evaluation of Surface 
and Groundwater Quality in Kaduna Metropolis, Nigeria
The aim of the follow up study was to collect further data on the physical parameters of water 
quality as well as undertake the first trace elemental determination of surface and 
groundwater sources for the study area.
The phase two stage three (refer to section 3-3) of the evaluation of surface and groundwater 
quality was conducted in March 2011. Water samples were collected from 113 sampling 
points representing diverse land use types: groundwater from domestic, commercial and 
agricultural areas; surface water from domestic, commercial, industrial and refinery areas, 
and tap water from domestic areas.
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The results of the follow-up study confirmed that the physical parameters were within the 
Drinking-water Guideline Limits for the WHO, U.S.EPA Water Quality Standards Maximum 
Contaminant Levels (MCL) and Nigerian Standards (Table 2-3).
The trace element and physicochemical data are presented for the Kaduna Metropolis in 
Table 4-5 (groundwater from domestic and commercial areas); Table 4-6 (tap water from 
domestic areas and groundwater from agricultural areas); Table 4-7 (surface waters from 
domestic and commercial areas); and Table 4-8 (surface waters fi"om industrial and refinery 
areas).
Table 4-5 Trace elements concentrations of groundwater from domestic areas (DMGW) and 
commercial areas (CMGW) in Kaduna Metropolis, Nigeria, 2011.
DMGW 2011 CMGW 2011
n = 10 Median Min Max n = 3 Median Min Max
pH 6.3 4.04 7.71 pH 6.5 6.04 6.9
Temp [ °c] 27.5 21.50 2^6 Temp [ °c] 26.1 25.9 26.4
EC [|xS/cm] 320.0 108.0 690.00 EC [pS/cm] 340.0 140.0 711.0
TDS [mg/L] 180.0 20.0 640.0 TDS [mg/L] 356.7 200.0 470.0
V 0.01 < d l 0.3 V 0.2 0.2 0.3
Cr 0.01 < d l 1.1 Cr 0.02 < d l 0.2
Mn 1.3 0.02 572.6 Mn 5.5 0.5 16.3
Co < dl 0.02 6.4 Fe 1.3 < d l 70.4
Ni 0.3 0.1 9.6 Co 0.02 0.01 0.2
Cu 0.2 0.03 0.6 Ni 0.7 0.5 5.3
Zn 2.5 < dl 36.1 Cu 0.4 0.01 1.1
As 0.04 0.01 0.6 Zn 4.6 3.0 8.3
Se 0.03 0.00 3.2 As 0.06 0.04 0.2
Pb 0.02 0.00 0.2 Se <dl < d l 0.05
Mo <dl <d l 0.5
Pb <dl < d l 0.02
Key: - DMGW -  Domestic areas groundwater, CMGW- Commercial areas groundwater, EC -  Electrical 
conductivity, TDS -  Total dissolved solids, all trace elements in jig/ L, <dl- less than detection limit, n= no of 
samples.
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Table 4-6 Trace elements concentrations of tap water from domestic areas (DMTW) and
groundwater from agricultural areas (AGGW) in Kaduna Metropolis, Nigeria, 2011.
DMTW 2011 AGGW 2011
n =  10 Median Min Max n = 5 Median Min Max
pH 6.8 6.4 7.3 pH 6.5 6.4 6.8
Temp [ °c] 26.3 22.0 29.8 Temp [ °c] 25.7 24.9 26.9
EC [pS/cm] 150.0 130.0 320.0 EC [pS/cm] 310.0 180.0 320.0
TDS [mg/L] 80.0 70.0 170.0 TDS [mg/L] 170.0 100.0 170.0
V 0.2 0.07 0.8 V 0.2 0.05 0.3
Mn 0.2 0.00 4.9 Cr 0.05 0.04 0.07
Co 0.03 0.00 0.04 Mn 0.8 0.3 0.8
Ni 0.2 0.02 0.3 Fe 1.2 0.04 4.5
Cu 0.4 0.03 3.7 Co 0.1 0.04 0.3
Zn 14.5 0.6 63.2 Ni 0.3 0.2 0.9
As 0.1 <dl 0.2 Cu 0.4 0.2 0.9
Pb < d l < d l 0.2 Zn 1.1 0.8 3.6
As 0.2 0.15 0.3
Se <dl < d l 0.01
Mo <dl < d l 0.3
Key: - DMTW -  Domestic areas tap water, AGGW- 
conductivity, TDS -  Total dissolved solids, all trace 
samples
Agricultural areas groundwater, EC -  Electrical 
elements in pg/ L, <dl- less than detection limit, n= no of
Table 4-7 Trace elements concentrations of surface water from domestic areas (DMSW) and 
commercial areas (CMSW) in Kaduna Metropolis, Nigeria, 2011.
DMSW 2011 CMSW 2011
n =  10 Median Min Max n = 4 Median Min Max
pH 7.5 6.3 8.2 pH 7.0 5.6 6.9
Temp [ °c] 28.0 23.20 30.1 Temp [ °c] 30.7 25.9 27.3
EC [pS/cm] 330.0 300.00 360.0 EC [pS/cm] 535.0 140.0 711.0
TDS [mg/L] 180.0 160.00 200.0 TDS [mg/L] 300.0 70.0 390.0
V 0.3 0.2 0.4 V 0.6 0.2 0.3
Cr 0.03 0.01 0.1 Cr 0.09 0.0 0.05
Mn 0.3 0.2 1.2 Mn 0.2 0.2 0.6
Fe 0.6 <dl 2.1 Co 0.4 0.04 0.6
Co 0.1 0.06 0.1 Ni 0.9 0.2 1.2
Ni 0.5 0.3 0.7 Cu 0.4 0.2 0.8
Cu 0.4 0.2 1.0 Zn 2.8 1.7 11.2
Zn 2.03 0.2 9.9 As 0.3 0.2 0.4
As 0.2 0.05 0.3 Mo 0.2 0.1 0.3
Se <dl < d l 0.1
Mo 0.1 0.1 0.3
Key: - DMSW -  Domestic areas surface water, CMSW- Commercial areas surface water, EC -  Electrical 
conductivity, TDS -  Total dissolved solids, all trace elements in pg/ L, <dl- less than detection limit, n= no of 
samples
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Table 4-8 Trace elements concentrations of surface water from industrial areas (INSW) and
refinery areas (RASW) in Kaduna Metropolis, Nigeria, 2011.
INSW 2011 RASW 2011
n = 59 Median Min Max n = 12 Median Min Max
pH 7.8 5.9 8.6 pH 7.7 5.1 8.2
Temp [°c] 2&2 20.60 29.6 Temp [ °c] 24.1 20.5 26.6
EC [pS/cm] 245.0 210.00 1184.0 EC [pS/cm] 785.0 620.0 880.0
TDS [mg/L] 140.0 110.00 1030.0 TDS [mg/L] 435.0 340.0 510.0
V , 0.2 < d l 3.7 V 1.2 < d l 2.2
Cr 0.02 < dl 0.3 Cr 0.04 < dl 0.09
Mn 0.4 0.11 28&0 Mn 0.9 0.4 16.2
Fe 0.1 < dl 15.8 Fe 11.1 < dl 26.9
Co 0.08 0.03 1.2 Co 0.04 0.02 0.1
Ni 0.3 0.09 2166.0 Ni 0.7 0.5 1.3
Cu 0.3 < dl 3.3 Cu 0.2 0.01 0.6
Zn 2.0 0.24 8.4 Zn 18.2 4.0 34.7
As 0.2 0.06 1.1 As 0.3 0.03 0.6
Se 0.01 <dl 0.3 Mo 0.7 0.5 1.6
Mo 0.09 <dl 3.6 Pb 0.06 < d l 0.1
Key: - INSW -  Industrial areas surface water, RASW- Refinery area surface water, EC -  Electrical 
conductivity, TDS -  Total dissolved solids, all trace elements in pg/ L, <dl- less than detection limit, n= no of 
samples
The physical parameters results for stage three were similar to the values recorded in the 
preliminary and detailed studies conducted in 2009 and 2010, respectively. The mean pH 
values for groundwater were 5.85 in domestic areas to 7.11 in the commercial areas (Table 4- 
5). The levels for electrical conductivity (EC) and total dissolved solids (TDS) were highest 
at commercial areas (Table 4-5) with the values being for lowest values found in tap water 
sampled from domestic areas (Table 4-6).
At the surface water sampling points the pH levels were of pH ranged from 6.98 (Table 4-7) 
in commercial areas and 7.88 (Table 4-8) in industrial areas. The levels of electrical 
conductivity (EC) and total dissolved solids (TDS) were below the World Health 
Organisation (WHO) and Nigerian Government Guideline limits for all the surface water 
sampling points (Tables 4-7 & 4-8). The levels were found to be low in domestic areas and 
the highest values were at sites located in the refinery areas respectively.
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The concentrations of trace elements were generally below the Guideline limits of the World 
Health Organisation (Table 2-3). Median values are reported because a mean cannot be 
calculated of some values below detection limits. That notwithstanding some trace elements 
were found at elevated concentrations at some sampling points. The highest concentration of 
Mn was recorded in groundwater from domestic areas with a median of 1.3 pg/ L (Table 4-5). 
Iron was mostly measured in groundwater from commercial sites with median of 1.3 pg/ L 
(Table 4-5). The highest trace element concentration in tap water from domestic areas was for 
Zn with a median of 14.51 pg/ (Table 4-6).
In relation to Table 2-3, although these values are elevated the Mn concentration is still below 
the Nigerian Standard for Drinking Water of 200 pg/L. Similarly, the iron and zinc limits are 
300 and 3000 pg/L, respectively. Point source contamination of these elements occurs for 
selected groundwater samples in domestic areas because of the disposal of ‘rubbish’, sewage 
and local activities (the parking of old vehicles, drums and waste metal material). The 
elevated zinc concentration in a domestic tap water is probably due to the use of corroded 
galvanised iron pipes and in storage tanks. What is encouraging for these groundwater data is 
that very few cases of elevated trace elements (Mn and Fe) contamination exist at the some 
sampling sites of the study area.
The highest values were found to be in domestic and commercial areas for Zn with a median 
of 2.03 pg/ L and 2.84 pg/ L, respectively (Table 4-7). In the industrial areas the highest trace 
elements found were for Mn with median of 0.4 pg/ L and Ni with median of 0.29 pg/ L 
(Table 4-8). For the refinery area the highest recorded trace element levels were for Fe with 
median of 11.16 pg/ L and Zn with mean of 18.2 pg/ L (Table 4-8).
Interestingly, for surface water, similar trace elements were found to be at elevated 
concentrations, namely, Fe and Zn. Commercial, industrial and refinery sites do not appear to 
have any highly polluted concentrations of these elements on the surface water. This is a 
surprising result which might be influenced by the selection of the surface water sampling 
sites or the fact that ‘dilution’ effects of running water are dispersing elemental inputs to such 
surface waters.
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4.5.1 Levels of physical parameters in groundwater (hand dug 
wells) and surface water (rivers and streams) sampling points.
(a) pH
The pH values ranged from 4.0 to 7.4 with a mean value were 5.9 at domestic areas 
(DMGW), 6 . 6  for agricultural areas (AGGW, Table 4-6) and 7.1 for commercial areas 
(CMGW, Table 4-5). For surface water sampling points the pH mean values ranged from 6.3 
at the commercial areas (Table 4-7) to 7.5 for domestic areas (Table 4-8). Low pH values 
recorded at groundwaters at domestic areas may be due to the natural weathering of rocks and 
soils (geosphere). The mean values were within the World Health Organisation (WHO) 
Guideline Limits and other standards except for sampling points of domestic areas.
(b) Temperature (°C)
The mean temperature values ranged from 21.5 to 32.5 °C. The wide disparity in temperature 
values may be due to the time of sampling where it was morning for some sampling points 
and noon or afternoon for others. The highest mean temperature was recorded for agricultural 
areas (AGGW, 26.2 °C, Table 4-6), followed by 26.7 °C (Table 4-5) at domestic areas 
(DMGW) and finally 31.3 °C (Table 4-5) at commercial areas (CMGW). Similar temperature 
levels were recorded for surface waters which were the ambient conditions of dry season with 
skies free of cloud cover. The mean temperature levels ranged from 23.5°C at the refinery 
area (RASW, Table 4-8) to 27.1 °C for industrial areas (INSW, Table 4-8). Other ambient 
conditions were absence of rains and skies clear of cloud cover characteristic of dry season.
(c) Electrical conductivity (EC, jiS/cm)
Electrical conductivity levels found to be highest at commercial areas and lowest at domestic 
areas. The mean values ranged from 282.0 pS/cm (Table 4-6) for agricultural areas (AGGW), 
356.3 pS/cm (Table 4-5) at domestic areas (DMGW) and finally to 636.7pS/cm (Table 4-5) 
for commercial areas (CMGW). For surface water sampling points the highest mean value of
741.7 pS/cm was measured at the refinery area (RASW, Table 4-8) whilst the lowest mean 
value of 329.0 pS/cm was recorded at domestic areas (DMSW, Table 4-7). All the mean 
values were lower than the limits of the regulatory bodies. However, relatively high levels
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recorded in commercial areas may be due to a number of factors, including anthropogenic 
activities. These results were similar to the findings of Jonnalagadda and Mhere (2001) and 
Kendirim (2005).
(d) Total dissolved solids (TDS, mg/L)
The levels of total dissolved solids (TDS) followed similar trends to those for electrical 
conductivity. The mean values ranged from 152.0 mg/L (Table 4-6) at agricultural areas 
(AGGW) to 274.0 mg/L (Table 4-5) for domestic areas (DMGW) and finally 356.7 mg/L 
(Table 4-5) at commercial areas (CMGW). The lowest and highest values (20.0 and 640.0 
mg/L) were recorded for domestic areas reflecting the various types of underlying geology 
and the impact of rock dissolution through the weathering process. The highest recorded 
value was found to be above the United States Environmental Protection Agency (USE?A) 
and Nigerian Government standards but lower than World Health Organisation (WHO) 
guideline limits for drinking water. In the surface water sampling points the lowest TDS 
value of 70 mg/L was recorded for commercial areas whilst industrial area recorded the 
highest value of 1030 mg/L. The mean TDS values ranged from 179 mg/L for domestic areas 
(DMSW, Table 4.7) to 425 mg/L at the refinery area (RASW, Table 4-8). The rather small 
mean TDS value of 253.4 mg/L recorded for industrial areas may be due to the large number 
of samples (59). High values of both EC and TDS agree with the water quality assessment of 
the Niger Delta by Omo-Irabor et al., (2008).
4.5.1 Evaluation of Trace Elements Levels in Surface and Groundwater 
in Kaduna Metropolis, Nigeria.
For all the water samples the mean element values at all levels were below the recommended 
limits of the WHO, USEPA and Nigerian Standards for drinking water. There are no 
recommended values for V, Co and U. The limits for Fe and Zn were set only by Nigerian 
Standards, 0.3 and 3 mg/1, respectively. Nigerian Standards have no limits for Se, Sb and Mo 
whilst USEPA has no limits for Mo.
(a) Vanadium (V, pg/L).
Vanadium was detected at all sampling points. The highest mean concentration was found for 
groundwater at commercial areas (CMGW, 1.55 pg/L with range of 0.15-3.86 pg/L, Table.4- 
5). The lowest value was found in agricultural groundwater (AGGW, 0.16 pg/L with range of
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0.05- 0.31 pg/L) (Table 4-6). The data showed more V in groundwater than surface water 
sources, indicating that the element may have come from the dissolution of soils especially 
clay minerals. The highest concentration was found to be less than that reported by Xiju et 
ah, 2000) in China.
(b) Chromium (Cr, pg/L).
The chromium concentrations were found in agricultural groundwater (AGGW) with a mean 
of 0.05 and range distribution of 0.04- 0.07 pg/L (Table 4-6). For domestic surface water 
(DMSW) a mean and range of 0.04 and 0.01- 0.09 pg/L (Table 4-7). The likely route of Cr 
may be from wastewater and industrial activities because chromate is used to inhibit metal 
corrosion (Asubiojo, et al., 1997). Interestingly, surface water concentrations of Cr for 
industrial sites were, however, found to be insignificant. This may have been due to dilution 
by the flowing nature of the surface water.
(c) Manganese (Mn, pg/L).
Concentrations of Mn were found at all sampling points with the exception of domestic tap 
water. Surface water from domestic areas (DMSW) ranged from 0.2 -  1.2 pg/L (Table 4-7); 
industrial areas (INSW) 23.4 pg/L with a range of 0.11- 288.0 pg/L (Table 4.8). In the 
refinery area the range was 0.4- 16.2 pg/LMn with a mean value of 4.5 pg/L (Table 4-8). 
Groundwater from domestic areas had a mean of 61.2 pg/L with wide range of (0.02- 572.6 
pg/L, Table 4-5). The lowest concentration was found for surface water from commercial 
areas (CMSW), 0.3 pg/L and a range of 0.2 -  0.6 pg/L Mn (Table 4-7). High concentrations 
of Mn can be found in domestic wastewaters, industrial effluents and receiving streams 
(Sawyer et al., 2003). This agrees with the findings of this work in which the highest 
concentration was found at areas with textile industries, bottling companies and an assembly 
plant. High groundwater levels of Mn may be due to the underlying geology especially areas 
with clayey soils (Offodile, 1992). Manganese may cause staining of laundry and sanitary 
wares (Ratnayaka et al., 2009).
(d) Iron (Fe, pg/L).
Iron was detected at all sampling points but only in appreciable quantities in groundwater 
from agricultural area groundwater (AGGW, mean concentration of 1.6 and range 0.03- 4.5
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pg/L Table 4-6). In other places the quantities were below the detection limits. The presence 
of Fe in groundwater is thought to have come from the leaching of lateritic sediments (Omo- 
Irabor et al., 2008). Iron is at low concentrations in the tap water from domestic areas even 
though it is used as a coagulant in water treatment and tends to result in significant amounts 
in the distribution system (Ratnayaka et ah, 2009).
(e) Cobalt (Co, pg/L).
Cobalt found in the groundwater from domestic areas (DMGW, mean concentration of 0.7 
pg/L Co; with a range of 0.02- 6.4 pg/L (Table 4-5); for agricultural areas a mean 
concentration of 0.1 pg/L and range of 0.04 -  0.3 pg/L (Table 4-6). Surface water 
concentrations of Co from commercial areas resulted in a mean concentration (CMSW, 0.4 
pg/L and range distribution of 0.04 -  0.6 pg/L (Table 4-7) and in industrial areas (INSW, 
mean concentration 0.15 pg/L and range of 0.03- 1.2 pg/L (Table 4-8). The apparent source 
of Co could be the weathering of the underlying geology. Cobalt is an essential element but 
can cause dermatitis and is considered carcinogenic at high levels (APHA, 2005).
(f) Nickel (Ni, pg/L).
Nickel was detected in surface water from industrial areas with a mean concentration and 
range of 37.1 and 0.09-2166.0 pg/L respectively. Table 4-8). In the refinery area a mean 
concentration and range of 0.7 and 0.5 - 1.3 pg/L Ni (Table 4-8). The lowest Ni value was 
recorded for tap water from domestic areas (0.18 pg/L, Table 4-6). The main source of Ni in 
the environment is electroplating and the rinse water from these operations (Sawyer et al., 
2003) Dermatitis can develop as a result of high levels of Ni via food and drinking water 
(Ratnayaka et ah, 2009). High levels of Ni were found in an area close to an assembly plant 
suggesting effluent release from the factory. This agrees with a study in western Niger Dalta, 
Nigeria (Omo-Irabor et al., 2008).
(g) Copper (Cu, pg/L).
The highest concentration of copper was detected in tap water from domestic areas (DMTW) 
with a mean concentration and range of 0.7 and 0.03 - 3.7 pg/L respectively (Table 4-6). 
Appreciable quantities of Cu were recorded in groundwater from agricultural areas with a 
mean and range of 0.6 and 0.2- 0.9 pg/L (Table 4-6). The lowest Cu value was recorded for
87
surface water from the refinery area (RASW) with mean a concentration 0.2 and range 
distribution of 0.01- 0.6 pg/L Cu (Table 4-8). The highest concentration in tap water may be 
attributed to the storing of water in galvanised tanks after treatment (Asubiojo et al, 1997). 
Copper in groundwater from agricultural area may be a by-product of herbicides used 
especially since appreciable quantities were found in agricultural areas.
(h) Zinc (Zn, pg/L).
Zinc concentrations ranged from 0.8 -  3.6 pg/L (mean 1.1 pg/L (Table 4-6) in the 
groundwater of agricultural areas having 18.2 pg/L and 19.1 pg/L Zn (Table 4-6); at the tap 
water of domestic areas. Zn was also measured in surface water of refinery area with mean 
concentration and range of 16.9 and 4.07-34.7 pg/LZn Table 4-8) and for groundwater 
collected from commercial areas with a mean and range of 5.3 and 2.9- 8.2 pg/L respectively, 
Table 4-5). High concentration of Zn found in tap water from domestic areas may be due to 
the deterioration of galvanised iron used in the tank that stores water (APHA, 2005). The 
high concentration of Zn in the groundwater from commercial areas may due to the 
weathering of various minerals (Asubiojo et al, 1997). Another possible source in the surface 
water from the refinery area may be due to industrial waste pollution (APHA, 2005). Zn was 
also reportedly used in drilling fluids associated with oil production (Sayyadnejad et a l, 
2008).
(i) Arsenic (As, pg/L).
Arsenic was detected in all surface waters and in all but one groundwater samples. The mean 
and range values of As were 0.08 and 0.04-0.2 pg/L (Table 4-5) for groundwater from 
commercial areas (CMGW,); 0.1 and 0.01-0.6 pg/L for groundwater in domestic areas 
(DMGW, Table 4-5) to 0.2 and 0.14-0.3 pg/L (Table 4-6) for agricultural areas. Surface 
water had mean and range concentrations of 0.2 pg/L and 0.05-0.3 pg/L (Table 4-7) for 
domestic areas (DMSW); 0.3 pg/L and 0.06-1.08 pg/L (Table 4-8) at industrial areas 
(INSW); 0.3 pg/L and 0.03-0.6 pg/L at the Refinery area (RASW) to 0.3 pg/L and 0.1-0.4 
pg/L at commercial areas (CMSW, Table 4-7). The high concentrations measured in the 
surface water collected from commercial areas compared to other sampling sites may be due 
to surface runoff (Ratnayaka et al, 2009). As concentrations in groundwater were lower than 
measured in rural areas in Bangladesh (Hoque et a l, 2006) and in the mining town of 
Tarkwa, Ghana. The levels were also lower than those reported from Argentina and Cyprus.
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(j) Molybdenum (Mo, pg/L).
Only a few sites had detectable concentrations of Mo. These were found in the surface water 
of domestic areas (DMSW) with a mean and range of 0.15 and 0.1 - 0.3 pg/LMo (Table 4-7) 
and for commercial areas (CMSW) with a mean and range of 0.16 and 0.1- 0.3 pg/LMo 
(Table 4-7), respectively.
Selenium (Se), cadmium (Cd), antimony (Sb) and lead (Pb) were found to be at 
concentrations below the detection levels for most sampling sites.
4.6 Summary
This chapter presents results that were collected in the first part of the research study. The 
study sought to evaluate the quality of surface and groundwater in Kaduna Metropolis, 
Nigeria. The study comprised of phase one in which a desktop study conducted in the 
University of Surrey which delineated the study area. The delineation of the study area 
provided the sampling points for the conduct of an experimental programme that was 
undertaken under phases two and three namely-preliminary data collection in 2009, detailed 
data collection in 2 0 1 0  and follow-up studies in 2 0 1 1  on the evaluation of the contamination 
of surface and groundwater sources.
In general, the results showed levels of dissolved oxygen (DO) to be generally below the 
drinking water quality guideline limits of the World Health Organisation and Nigerian 
Government. The levels of faecal coliforms were found to be above the drinking water 
guideline limits of the regulatory agencies at all sampling points. The results also showed the 
presence of trace elements in most of the sampling points. Their concentrations were, 
however, found to be largely below the guideline limits and standards of the regulatory 
authorities.
At this stage of the research this was considered to be the most important finding which was 
the determination of the contamination of water sources by anthropogenic activities. The next 
stage would be the design and application of the multi stage filtration system for the 
provision of potable water at the point of use (POU) or household level in the following 
chapter five.
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Chapter Five
Results and Discussion- 
Performance Evaluation of Multi-Stage Filtration System (MSF) 
Laboratory Scale Experiments
2012
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5 Results and Discussion - Performance Evaluation of Multi-Stage 
Filtration System (MSF) - Laboratory Scale Experiments, 2012
5.1 Introduction
A multi stage filtration system was chosen as a water treatment technology for the provision 
of affordable and sustainable potable water at the point of use (POU). Multi stage filtration is 
a modified form of slow sand filtration, also called bio sand filtration. It was deemed to be 
fit-for-purpose because of the relative low cost and the simple operational and maintenance 
regime that makes it attractive to low income earners with little or no education. The multi 
stage filtration system at the point of use (POU) level was initially designed and operated at 
the Centre for Environmental Health Engineering (CEHE) University of Surrey. The 
laboratory pilot experiments were conducted to evaluate the performance of the system in 
producing filtered water. The laboratory pilot experiments were conducted from February to 
November 2012 prior to the field application in Kaduna, Nigeria.
5.2 Performance Evaluation of Multi Stage Filtration System Using 
University of Surrey Lake Water.
The University lake provided the raw or feed water used for the operation of the filter. The 
lake itself is replenished by inflows of rain water and a spring near the Cathedral. The 
apparent sources of lake water contamination are the avian droppings and the foodstuffs used 
in feeding the birds. These may generate algal bloom in the lake.
Figure 5-1 University of Surrey Lake (used as raw water for the filter)
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The filtration set up was run with lake water (refer to Figure 3-5). The lake water was chosen 
as feed or raw water which had been contaminated fi'om effluents relating to human activities 
and avian droppings. The ability of the filter to treat contaminated water was determined by 
analysing the water quality parameters at various stages of the filtration set-up. As in all slow 
sand filters after the commissioning of the filter and the formation of schmutzdecke or the 
biofilm that is necessary for the effective performance of the filter, it is necessary to evaluate 
the ability of the filter to remove turbidity and microbial contaminants. For this filter it took 
about two weeks for this process to occur. The experiments of running the filtration system 
with lake water were conducted on 76 different filtration days from February to November 
2012. Summary data obtained fi'om the experiments are presented in Appendix A.
5.3 Performance Evaluation of Multi Stage Filtration System Using 
University of Surrey Lake W ater Modified with Bentonite and Kaolin.
The multi stage filtration system was challenged in its ability to treat water with high levels 
of turbidity. In order to investigate this factor the lake water was modified with the addition 
of bentonite and kaolin clays to increase the concentration of turbidity in the modified lake 
raw water prior to the running of the filter. The amount of clay materials (chemicals) added to 
the raw water varied from 2.5 to 7 g kaolin/10 L of raw water and between 5 and 10 g of 
bentonite/10 L of raw water. The experiments of running the filtration system with lake water 
modified with clay materials (kaolin and bentonite) were conducted in 48 filtration days from 
February to November 2012. Summary data obtained from the experiments are presented in 
Appendix A.
5.4 Performance Evaluation of Multi Stage Filtration System Using 
University Lake W ater Modified with M25 Motorway Storm W ater and 
Metal Swarfs.
The filtration set-up was also run with raw lake water which was modified with the addition 
of M2 5 motorway storm water drainage sediments and metal swarfs from Mechanical 
Engineering workshop. University of Surrey. This was undertaken to increase the levels of 
trace elements so that a modified water sample would represent samples typical of the 
commercial, industrial or refinery sites in Nigeria.
92
The M25 motorway storm water sediments ranged from 50 to 100 g mixed with 10 L of lake 
water and about 30 g of acid digested metal swarfs per each experimental run. These were all 
mixed 24 hours prior to the experiments. The filtration system was run in 10 different days 
from 27 July to 17 August 2012. Summary data obtained from these experiments are 
presented in Appendix A.
The results showed significant differences in the levels of most of the parameters. There have 
been no expected changes in the pH levels and temperature for the various stages of the 
filtration set-up. The filter was expected to reduce levels of electrical conductivity and total 
dissolved solids under all the scenarios. This was to be achieved by the filter removing ions. 
The results, however, showed a slight increase in the levels of these parameters from the raw 
lake water to the filtered water (Tables 5-1 to 5-3). This may be explained by the leaching of 
ions by the sand media. Reductions in the levels of dissolved oxygen (DO) and biochemical 
oxygen demand (BOD) from the raw lake water to the filtered water in all the types of feed 
water -  lake water only, modified lake water with bentonite and kaolin and with added M25 
motorway storm water and metal swarfs (Tables 5-1 to 5-3) may be due to biological activity 
and substrate effects with water treating filamentous algae and bacteria (Nakamoto et al., 
1996).
The results showed significant reductions in the levels of turbidity with a reduction from a 
mean of 46.7 in raw water to 2.8 NTU for lake water only (Table 5-1). This represented about 
a 94% reduction. In the experiments where the levels of turbidity were increased through the 
modification of the raw lake water with bentonite and kaolin the mean of 263.9 which has 
been reduced to a mean of 8 . 8  NTU in the filtered water, representing about 93% reduction 
(Table 5-2). Finally, in the experiments in which the lake water was modified with M25 
motorway storm water sediments and digested metal swarfs the raw water had a mean of
112.7 compared with 7.3NTU in the filtered water representing a 91% reduction (Table 5-3).
Faecal coliform levels also witnessed similar levels of removal for the raw lake water and 
filtered water, across all the types of experiments. When only lake water was used as feed 
water the mean for raw water changed from 117.4 to 4.8 cfii/ 100 mL representing a 96% 
reduction (Table 5-1). In the experiments in which lake water was modified with bentonite 
and kaolin the mean faecal coliforms levels for raw water was 151.6 which dropped down to
10.1 cfu/mL in the filtered water representing a 93% reduction (Table 5-2). Similarly, the 
mean values of 112.7 and 3.9 were recorded for raw lake water and filtered water.
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respectively representing a 97% reduction in faecal coliforms in the experiments in which 
lake raw water was modified with M25 motorway storm water and metal swarfs (Table 5-3). 
This shows encouraging results for the removal of faecal coliforms in the raw water using 
this type of filter.
5.5 Discussion - Laboratory Pilot Studies -  Multi Stage Filtration System, 
CEHE, University of Surrey.
The laboratory pilot studies comprised the design, construction and operation of the multi 
stage filtration system set-up. This was done in the Microbiology Laboratory, Centre for 
Environmental and Health Engineering, University of Surrey, Guildford, GU2 7XH, UK. The 
laboratory pilot studies spanned over a period of ten months, from February to November, 
2012 .
The set-up used for all slow sand filtration operations utilised locally available materials. 
These included Oxfam 12L plastic buckets (for emergency situations), fittings such as hoses, 
clamps and stop watches bought from local B&Q stores. Also procured were the gravel and 
sand media from Thames Water. The reasons for the use of locally available materials are for 
the filtration system to be easily accessible, affordable and sustainable particularly for people 
with lowest socio-economic status.
(a) pH
All pH results showed levels to be slightly above the Guideline Limits of the World Health 
Organisation and other regulatory bodies. The mean pH values were 8.5 for scenario three 
(Table 5-3) in which the lake water was modified with M25 motorway storm water sediments 
and metal swarfs; to 8 . 8  in scenario two (Table 5-2) in which lake water was modified with 
the addition of bentonite and kaolin and 9.0 for scenario one which involved only University 
lake water (non modified).
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A minimum pH value of 7.8 was recorded at scenario one (Table 5-1) while scenarios two 
and three recorded minimum pH value of 8.1. (Tables 5-2 and 5-3). The maximum pH value 
was 9.7 for scenario one. The results showed a 2% reduction in the mean pH of filtered water 
fi'om that for the raw water in scenarios one and three whilst scenario two showed a 4% 
reduction. These values, however, fall within the pH range ( 6  to 9) of most natural waters 
(Purcell, 2003).
A statistical evaluation of the change in pH between the raw and filtered waters was 
undertaken. The null hypothesis states that there is no significant difference in the variance 
(F-test) or mean (t-test) between the two waters (untreated/raw and filtered).
The F test confirmed an Fcalculated value = 150.15 (Fcrit = 2.57) and the t-test teal = 5.78 
(tcrit = 2.16) at the 95% confidence limit or P (probability) < 0.05. For both tests the null 
hypothesis was rejected confirming that the filtration system produces statistically 
significantly improved filtered water in terms of pH.
(b) Temperature (°C)
All laboratory temperatures were similar to the ambient temperature readings. The 
experiments were conducted over a period of ten months -  spanning fi'om February (winter) 
to November (autumn). The lowest temperature recorded was 12.2 °C in raw water for 
scenario one whilst the highest recorded temperature was 25.8 °C for filtered water in 
scenario two (Tables 5-1 and 5-2). Other ambient conditions reflected seasonal changes fi'om 
winter to autumn with attendant sunshine, cloud cover and rains.
Mean temperature values were 20.1°C for raw water to 21.9 °C for filtered water in scenario 
one (Table 5-1). The increase in temperature was due to the time of the experiments which 
usually began in the morning at the raw water stage and noon by the time filtered water was 
produced. In scenario two the mean temperature values ranged from 22.3 °C to 23.8 °C for 
the filtered water (Table 5-2). This also showed an increase in temperature by about 15%. In 
scenario three the mean temperature levels ranged from 23.8 °C for raw water to 24.4 °C for 
filtered water showing an increase in the latter over the former (Table 5-3).
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There are no stated guideline limits by World Health Organisation and other regulatory 
bodies and countries regarding the temperature requirement for water. However, Canadian 
authorities, (2008) stated a temperature requirement of < 15 °C whilst the Nigerian 
Government requires water to be at ambient temperature (Table 2-3). An increase in 
temperature of water has been found to affect both filter efficiency as well as filtrate water 
quality (Jabur, 2006). However, excessively high temperatures can lead to a decline in the 
dissolved oxygen levels and thereby impacting on microbiological metabolic rates (Steele et 
ah, 2006).
The results of this filtration study showed the acceptance of the null hypothesis since the 
obtained value was less than the table critical value regarding t -  test. The F -  test confirmed 
that the Fcalculated value exceeded the Fcritical value (4.41 > 2.57) showing an increase in 
temperature in the filtered water over the raw water due to the time of sampling.
(c) Electrical conductivity (EC, pS/cm).
The lowest value of electrical conductivity was 114.5 pS/cm for scenario one (Table 5-1) in 
which the lake water from the University of Surrey was used as raw water without any 
modification (untreated). The highest value of 1198.3 pS/cm was recorded for the filtrate 
water of scenario two (Table 5-2) in which lake raw water was modified with the addition of 
bentonite and kaolin.
The results showed that in scenario one the mean electrical conductivity levels ranged from
467.8 pS/cm for raw water to 576.8 pS/cm for filtered water (Table 5-1). This showed an 
increase in the parameter in the filtered water compared with the raw water. In scenario two 
the results followed a similar trend with 555.5 pS/cm for raw water and 605.3 pS/cm for 
filtered water. In scenario three the results were 595.3 pS/cm and 637.9pS/cm for raw water 
and filtered water respectively. The mean electrical conductivity levels were more than the 
findings by Kadam et ah, (2009) of 370.0 ± 34.2 pS/cm for raw water and 357.1 ± 38.0 
pS/cm for processed or filtered water.
The results showed the levels to be below the standards of the European Commission and the 
United Kingdom. The highest EC levels were recorded for filtered water in all scenarios and 
are therefore above the limits for South Africa but below the standards of Nigerian 
Government for scenarios two and three (Table 2-3). High levels of electrical conductivity 
may be attributed to the non-flowing nature of the raw water source since it was a lake. Also
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high levels for electrical conductivity in filtered water relative to raw water could be due to 
the dissociation of salts into ions, the electrical charge on each ion, their mobility and 
temperature (Gray, 2002).
(d) Total dissolved solids (TDS, mg/L)
The results for total dissolved solids have, expectedly followed a similar trend to those for 
electrical conductivity. The minimum TDS value of 57.0 mg/L was recorded for scenario one 
in which the multi stage filter was run with untreated or raw lake water (Table 5-1). The 
highest value of 599.3 mg/L was recorded for scenario two where the lake water had the 
addition of bentonite and kaolin (Table 5-2).
In scenario one the mean TDS values were 212.1 mg/L for raw water, 224.1 mg/L in the first 
pre -  filter, 245.9 mg/L for the second pre -  filter and 274.6 mg/L for the filtered water 
(Table 5-1). In scenario two the mean TDS were 277.4 mg/L for raw water, 284.8 mg/L for 
first pre -  filter, 295.9 mg/L for second pre -  filter and 301.8 mg/L for the filtered water 
(Table 5-2). In scenario three TDS values were 297.2 and 321.0 mg/L for the raw water and 
filtered water while the results were 306.2 and 313.0 mg/L for first and second pre -  filters, 
respectively (Table 5.3). The mean levels of TDS were similar to those reported by Kadam et 
al., (2009) namely, 248.5 ± 22.1 mg/L TDS for raw water and 239.1 ± 25.4 mg/L TDS for 
processed water.
The levels of total dissolved solids were found to be below the Guideline Limits of World 
Health Organisation for all the stages of the filtration system. However, the highest values for 
filtered water in scenarios two and three were found to be above the standards of the United 
States Environmental Protection Agency (US EPA) and Nigerian Government (Table 2-3). 
The results showed a progressive increase in the values for total dissolved solids and 
electrical conductivity from the raw water through the pre -  filters to the filtered water. This 
can be attributed to the leaching of chemicals from the sand media. The leaching probably led 
to the dissolution of salts, solids and other particles thereby generating higher levels of these 
parameters.
(e) Dissolved oxygen (DO, mg/L)
Dissolved oxygen levels are an indication of the condition of water at any given time. It is the 
amount of oxygen (O2 ) dissolved in a given volume of water.
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The lowest level of dissolved oxygen was found to be 2.3 (mg/L) for the filtered water in 
scenario one in which the slow sand filter was run with raw or untreated lake water. The 
highest level of 13.0 (mg/L) DO was recorded for raw water in scenario one (Table 5-1).
The mean DO levels ranged from 10.1 (mg/L) down to 3.9 (mg/L) in scenario one (Table 5-
1); from 8 . 6  (mg/L) to 5.6 (mg/L) in scenario two (Table 5-2) whilst for scenario three the 
mean values ranged from 8.1 (mg/L) to 4.9 (mg/L, Table 5-3). The results showed 57%, 40% 
and 50% reductions in the mean values of dissolved oxygen from raw water to filtered water 
in scenarios one, two and three, respectively.
Dissolved oxygen levels showed consistent depletion from the raw water to the filtered water. 
This may be attributed to biological activities that consumed the dissolved oxygen. 
According to Elbana et al., 2012 dissolved oxygen levels in slow sand filtration could be 
increased by backwashing in order to reduce the organic load in the filter.
The levels of dissolved oxygen were found to be below the World Health Organisation for 
the filtered water in the scenarios one to three (Table 2-3). This meant that the downside of 
the slow sand filtration is the depletion of dissolved oxygen in the filtered water. Heating in 
the laboratory which raised temperature levels may also have increased dissolved oxygen 
depletion in the filtered water (Steele et al., 2006). However, the levels were within the limits 
of 3 mg/L DO suggested by Huisman and Wood (1974) in order to avoid anaerobic 
conditions. Dissolved oxygen levels were higher than reported values of 0.72 ±1.1 mg/L for 
raw water and 4.8 ±1.6 mg/L in processed water by Kadam et al., (2009).
(f) Biochemical oxygen demand (BOD, mg/L).
Biochemical oxygen demand (BOD) gives an indication of the oxygen requirement for 
organic matter in water to be degraded biochemically as well as the oxygen needed to oxidise 
inorganic materials such as sulphides (Ratnayaka et al., 2009).
The lowest BOD level was found to be 0.4 mg/L for the filtered water in scenario three in 
which lake water was modified with the addition of M25 motorway storm water drainage and 
metal swarfs (Table 5-3). The highest BOD level of 11.2 (mg/L) was found in the second pre­
filter of scenario two (Table 5-2) in which lake water was modified with the addition of 
bentonite and kaolin.
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The mean BOD levels were 6.9 mg/L for raw water and 3.9 mg/L for filtered water in 
scenario one (Table 5-1); from 5.3 mg/L for raw water to 1.4 mg/L for filtered water in 
scenario two (Table 5-2) and in scenario three the mean values were 4.5 mg/L for raw water 
and 1.2 mg/L for filtered water (Table 5-3). The mean BOD values showed a reduction of 
54%, 97% and 80% fi'om the raw water to the filtered water in scenarios one, two and three 
respectively. Low BOD levels meant that the raw water drawn firom the University lake 
water did not suffer from any serious levels of contamination with regards to oxygen 
deficiency.
(g) Turbidity (NTU)
The lowest level of turbidity of 0.7 NTU was found at all filter stages in scenario one (Table
5-1) whilst the highest level of 992.8 NTU for raw water was found in scenario two (Table 5-
2) in which lake water was modified with bentonite and kaolin. The aim of modifying the 
lake water was to observe how the filter would cope with raw water containing high levels of 
turbidity. Low levels of turbidity were measured in raw water for scenario one and may be 
attributed to the fact that the raw water was stored in plastic containers during the early days 
of the experiments. Storing the water became necessary due to the weather forecast of snow 
and ice which would have solidified the lake water.
The mean turbidity levels ranged from 46.7 NTU for raw water to 4.8 NTU for filtered water 
in scenario one (Table 5-1). In scenario two the levels ranged from 263.9 NTU for raw water 
to 8 . 8  NTU for filtered water (Table 5-2) whilst in scenario three the mean levels were 84.8 
NTU to 7.3 NTU for filtered water (Table 5-3). A reduction in the levels of turbidity were 
96%, 97% and 81% from raw water to filtered water for scenario one, two and three, 
respectively.
The slightly low percentage removal of turbidity recorded in scenario three may be due to the 
need for filter backwashing. Higher mean levels of turbidity were recorded in the two pre­
filters (first and second) in scenario three (Table 5-3 and in first pre-filter in scenario two 
(Table 5-2). These levels were higher than the levels in the raw water when the pre-filters are 
expected to be the phases of pre-treatment. This may be due to turbulence generated 
consequent on the raw water dropping on the gravel pre -  filters.
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The performance of the laboratory pilot studies showed the possible removal of turbidity by 
the slow sand filtration system. This can aptly be seen in scenario two in which raw lake 
water modified with bentonite and kaolin significantly raised the levels of turbidity but was 
removed by the filter with a resultant 97% level of reduction in turbidity. Turbidity removal 
levels were confirmed using a t -  test and F -  test in which the calculated values exceeded the 
critical values. The values were teal > tcrit or 3.93 > 2.16 and Fcal > Fcrit or 109038.18 > 
2.57, respectively at 95% confidence limit or p (probability) < 0.05. These results show that 
the significant differences may be accounted for by the filtration process.
The results of using this filter were consistent or even better than that reported by Elbana et 
al., (2012) with a turbidity removal efficiency level of 60 -  85%; Nakhla and Farooq (2003) -  
35 -  56% and Duran -  Ross et ah, (2009b) -  57.6 -  66.4%; Stauber et al., (2006) and 
Wiesent -  Brandsma et al, (2004) -  39 -  91%. The filters generally produced water to the 
required Guideline Limit and Standard of the World Health Organisation and Nigerian 
Government (Table 2-3).
(h) Faecal coliform (FC, cfu/100 mL)
Faecal coliform levels ranged from 975.0 cfu/100 mL for the raw water in scenario two 
(Table 5-2) in which lake raw water was modified with bentonite and kaolin to none in all but 
the raw water for scenario one (Table 5-1).
The mean FC levels ranged from 117.4 cfu/100 mL for the raw water in scenario one to 4.8 
cfu/ 100 mL for the filtered water in scenario one (Table 5-1). In scenario two the mean 
levels ranged from 151.6 cfu/ 100 mL for the raw water to 10.1 cfu/ 100 mL for the filtered 
water (Table 5-2), whilst in scenario three the mean levels ranged from 112.7 cfu/ 100 mL for 
the raw water to 3.9 cfu/ lOOmL for the filtered water (Table 5-3). The results show that the 
filter has 100% removal in scenario one and 98% removal for both scenario two and three.
The high (raw and mean) levels of faecal coliforms were recorded for all stages of scenario 
two (Table 5-2). This may be due to avian droppings particularly in the summer month where 
the lake is a particularly good resting place for the birds. Comparatively, low levels recorded 
for scenario one (Table 5-1) may be due to filter maturation. It may also be due to the 
application of dyoflx pond blue liquid concentrate to the lake water on 24^' July, 2012 which
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was meant to colour the lake water blue but being algae inhibitor helped to reduce the levels 
of faecal coliforms in the raw water.
The removals of faecal coliforms were confirmed using both a t -  and F -  test in which the 
calculated values exceeded the critical values. The values were teal > tcrit or 3.70 > 2.16 and 
Fcal > Fcrit or 298.35 > 2.57 respectively. This confirms that significant differences in the 
levels of faecal coliforms may be attributed to the filtration process.
Mean faecal coliform levels through the filter agree with results reported by Duke et al., 
(2006), Fewster et al., (2004) and Jenkins et al., (2011). The results showed mean levels 
above the Guideline Limit of the World Health Organisation and the standards of other 
regulatory organisations (Table 2-3). The implication of this is that even though the filter 
works by reducing the levels of faecal coliforms and turbidity for raw water, the produced 
water may not be completely potable without further treatment, such as chlorination.
5.5 Determination of the Removal of Trace Elements through the Multi 
Stage Filtration System.
The filtration set-up was examined in its ability to remove trace elements in conjuction with 
microbial contaminants and turbidity fi'om the raw lake water to the filtered water. Trace 
elemental determination was carried out using inductively coupled plasma-mass spectrometry 
(ICP-MS). Trace elemental analysis was undertaken on the lake water modified by the 
addition of M25 motorway storm water and metal swarfs.
The results showed the significant removal of trace elements related to the following: A1 with 
a mean from 3.9 in raw water to 1.8 pg/L for the filtered water, representing a 54% decrease; 
Mn with a mean of 60.5 in raw water and 22.8 pg/L for the filtered water, representing a 38% 
reduction and Fe with mean values of 27.7 and 25.4 pg/L showing about a 8 % reduction. 
There was no change in the mean values for Co in both raw water and filtered water. Other 
elements recorded increases in the filtered water than in the raw water. This may be due to 
the leaching of the sand media (Table 5-4).
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5.5.1 Discussion- Determination of the Removal of Trace Elements 
through the Multi Stage Filtration System.
The results showed that the concentrations of trace elements were found to be below the 
Guideline limits of the World Health Organisation and other regulatory bodies. The only 
exception was for lead (Pb) even though the Pb level was below the standards of European 
Commission and the United Kingdom (Table 2-3).
Only three elements -  aluminium (Al), manganese (Mn) and iron (Fe) were reduced by the 
filter. The mean Al values were 3.9 pg/L for raw water and 1.8 pg/L for the filtered water, 
representing 54% reduction in Al; the mean Mn values were 60.5 pg/L for raw water and 
37.7 pg/L for filtered water, representing 38% reduction in Mn. Iron resulted in a marginal 
reduction with mean values of 27.7 and 25.4 pg/LFe, for raw and filtered waters, representing 
8 % reduction in Fe respectively (Table 5-6).
The reductions in Fe and Mn levels were less than that reported by Amy et ah, (2006) which 
were > 67%. However, Al removal may have been due to adsorption onto the sand media 
which may also enhance the filter performance as reported by Weber -  Shirk et al., (2007). 
Iron removal by the filter may also follow a similar pattern as reported by Ahammed and 
Davra (2011).
Other trace elements -  V, Cr, Ni, Cu, Pb and Zn had levels higher in the filtered water than in 
the raw water while Co levels remained unchanged or fluctuated through the two pre-filters 
(Table 5-6). The probable reason for higher levels of these trace elements in the filtered water 
than in the raw water may be the leaching of the sand media and the consequent flow of the 
dissolved ions into the filtered water.
5.6 Determination of Particle Size and Distribution by Multisizer 3 Coulter 
Counter.
Particle size determination using a Multisizer 3 coulter counter was also undertaken to 
determine the number of particles contained in water collected at various stages of the multi 
stage filter. This instrument determines the distribution of the particle size component of the
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total suspended solids (Metealf and Eddy, 2003). The instrument measures partieles within 
weight range 2 - 6 0  pm.
Table 5-5 shows the dates in whieh the determination of the particle size by the coulter 
counter. The table shows the number of particles counted in each stage of the filtration set-up. 
The results showed that the filtered water does not necessarily have fewer partieles than the 
raw water. This may be accounted for by the accumulation of fine partieles in the sand media 
which may have drained with the filtered water. Figure 5-2 on the other hand shows the mean 
of the particles on each stage of the filtration set-up on each day of the detennination of the 
particle sizes.
5.6.1 Discussion -  Determination of Particle Sizes in Water by 
Multisizer 3 Coulter Counter.
The particle sizes that the instrument was able to detect were of weight range from 2 to 60 
pm. In discussing this, only data from the series of three day experiments will be presented 
whieh represents the entire data set. These data were obtained on 17^ ,^ 23^ and 3E^ August, 
2012 (Table 5-5).
Particle size distribution
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Figure 5-2 Multi Stage Filtration’s Particle Size Determination by Coulter Counter
On the 17* August the data resulted in a raw water mean value of 4.8 pm with one particle of 
57.02 pm and 44.39 partieles weighing 2.03 pm each. Overall the number of partieles was 
193, 800. In the first pre-filter there was a total of 218, 197 particles with a mean of 4 pm 
with only one particle of 42.46 pm in size and 5219 particles of 2.03 pm in size. In the
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second pre- filter there was a total of 215, 197 particles with a mean of 4 pm, one particle of 
34.62 pm in size and 5012 particles of 2.03 pm each. In the filtered water 23, 395 particles 
were counted with a mean value of 2.9, one particle of 11.86 pm and 1076 particles of 2.03 
pm each.
On 23* August there were 266, 221 particles with mean of 3.4 pm, one particle of 25.2 pm 
and 6552 particles of 2.03 pm each in raw water; in the first pre-filter there were 207, 997 
particles with a mean of 3.5 pm, one particle of 26.7 pm and 5039 particles of 2.03 pm each. 
In the second pre -  filter there were 96, 504 particles with mean of 6.1 pm, one particle of 
35.0 and 873 partieles each 5.7 pm in size. In the filtered water the mean was 2.4 with one 
particle of 10.6 pm and 13 917 particles of 2.01 pm in size each. There was an overall 
number of 145 378 particles.
On 31* August similar trends were observed. The raw water had a total of 52, 562 particles 
with a mean value of 2.7. The least detected particle weighed 52.07 pm whilst the highest 
occurring particles were 2585 of 2.03 pm each. In the first pre-filter the total number of 
particles was 14, 495 with a mean of 3.0 pm. The least number of particles weighing 35.8 
was one while the highest occurring particles numbered 6 6 8  with the weight of 2.03 pm. In 
the second pre -  filter there were 15, 702 particles having a mean of 2.8. One particle was 
found to weigh 32.7 pm and 819 particles weighing 2.03 pm each. In the filtered water 7,791 
particles were detected with a mean of 3.1 pm. The highest number of particles measured was 
265 with a weight of 2.03 pm and the least number of particles counted was one with a 
weight of 21.5 pm.
Since the instrument measures particles of a size range between 2 and 60 pm the results 
showed that particles detected ranged from 2.01 to 57.02 pm in weight. There were very few 
heavy particles whilst the lighter particles were more in number. The heavier particles would 
quickly settle down to the bottom whilst the lighter partieles would remain as colloids in 
suspension for a very long time in response to Stoke’s law.
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Table 5-5 Multi stage filtration and particle size determination by Coulter Counter
Dates RW PI P2 FW
17/08/2012 193 800 218 197 215 197 23 395
18/08/2012 52 272 38 179 38 492 15 669
20/08/2012 12 951 2 279 2 233 3 693
21/08/2012 373 475 347 681 289 391 25 381
22/08/2012 108 823 212 781 228 721 25 337
23/08/2012 266 221 207 997 96 504 145 278
24/08/2012 184 997 105 051 94 692 64 771
27/08/2012 162 234 63 690 77 819 89 766
28/08/2012 160 350 263 115 177 413 541 756
30/08/2012 178 471 10 000 2 794 25 884
31/08/2012 52 562 14 495 15 702 7 791
10/09/2012 407 999 32 783 25 449 201 518
12/09/2012 165 845 60 010 1 675 7 414
14/09/2012 183 121 299 615 232 056 17 158
17/09/2012 158 039 161 269 79 257 22 936
18/09/2012 309 913 320 056 196 865 59 411
19/09/2012 216 039 241 980 177 994 19 508
20/09/2012 76 840 118 001 903 1 199
21/09/2012 244 902 27 281 33 465 168 262
25/09/2012 135 823 62 132 31 619 13 236
26/09/2012 114 111 194 934 53 340 5 984
28/09/2012 4 968 4 116 26 749 8 503
Key: - RW- raw water, P l- 
Dates- dates of experiments
pre filter, P2- 2” pre filter, FW- filtered water.
5.7 Filter Cleaning Following the Attainment of Breakthrough
When a multi stage filter is commissioned it cannot, strictly speaking be referred to as filter 
since the vital living organisms on which treatment depends have not been formed (Huisman 
and Wood, 1974). The time it takes for the formation of the biological layer which is 
necessary for the biological treatment of water is called filter maturation or ripening. 
Depending on environmental conditions, such as sunshine, the maturation period may vary 
from 6  hours to 12 weeks (Cullen et al., 1985, Sanchez et ah, 2006, (Dullemont et ah, 2006; 
Unger and Collins, 2006).).
Filter maturation is attained when the filter produces good quality water with low levels of 
turbidity and faecal coliforms. The filter in the laboratory pilot studies took about 3 weeks
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(early March, 2012) to reach maturation. After ripening a filter may run for weeks or even 
months without cleaning unless raw water of exceptional turbidity is being treated (Huisman 
and Wood, 1974).
As can be seen in Table 5-6 the filter was cleaned on 27* July, 2012. That was about 4 ^ 2  
months after the first operation of the filter. Conventionally, filter cleaning can be carried out 
through two processes - backwashing of the gravel pre-filter and by scrapping a few 
centimetres from the top of the sand filter.
In cleaning the above filter backwashing was adopted for the gravel pre-filter. This involved 
the reversing of water flow (EPA, 1995). A hose was attached to the container outlet on one 
end and on the other end the hose was attached to the tap. Water from the tap was then run 
through the bottom of the gravel media and pushed up and allowed to flow over the 
containers. That process continued until the media became transparent. In this process most 
of the contaminants that clogged the pores and passages would have been washed down from 
the filter containers (PI and P2).
In the above multi stage filtration system the sand filter was cleaned by employing both 
processes. It was first scrapped off by a few centimetres and then baekwashed. Filter 
operations resumed a day after the cleaning. The filter usually takes a shorter time after 
cleaning to reach ripening (Sanchez et al., 2006). In the above filter it took about four days to 
achieve that level of producing good quality effluent water with the expected low levels of 
turbidity and faecal coliforms.
Table 5-6 MSF filter operation and cleaning (percentage faecal coliforms removal)
operation cleaning
% %
Date rem oval* rem o v a l** Date
1 3 /0 2 /2 0 1 2 90 57-17 2 7 /0 7 /2 0 1 2
3 0 /0 7 /2 0 1 2 91 68-76 2 6 /0 9 /2 0 1 2
2 8 /0 9 /2 0 1 2 93 85 2 5 /1 0 /2 0 1 2
Cey: - * before cleaning, ** after cleaning
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As shown in Table 5-6 it took the following two months for another round of filter cleaning. 
The filter was cleaned on 28* September and finally a month later on 24* October, 2012. 
After the third cleaning the filter media was replaced.
The box plots show changes in parameter levels between the raw water (RW) and filtered water (FW).
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5.8 Sum m ary
This chapter covered the results obtained from the performance evaluation o f the developed 
multi stage filtration system. The system was operated at the laboratory pilot scale in the 
Microbiological Laboratory in the Centre o f Environmental and Health Engineering, 
University o f  Surrey in 2012.
The data obtained were obtained from the running o f the filter with the following raw lake 
(feed) water;-
• University lake water only;
• University lake water modified with the addition o f bentonite and kaolin, and
• University lake water modified with the addition o f M25 motorway storm water and
metal swarfs.
The results showed an effective removal (> 90% reduction) in the levels o f turbidity and 
faecal coliforms in the filtered water compared to the raw water. In terms o f trace elements 
only Al, Mn and Fe were removed by the filter with 54, 38 and 8% reductions respectively. 
Having evaluated the effectiveness o f removing chemical and microbiological components o f 
lake water (non-modified and modified) the final part o f this research was undertaken to 
investigate the potential o f using this multi stage filtration system under field conditions in 
Nigeria.
1 1 2
Chapter Six
Results and Discussion -  
Performance Evaluation of Multi Stage Filtration System in 
Kaduna Metropolis, Nigeria, Field Applications, 
December 2012 -  March 2013
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6 Results -  Performance Evaluation of Multi-Stage Filtration System in
Kaduna Metropolis, Nigeria, Field Applications, December 2012- 
March 2013
6.1 Introduction
The aim of the field applications was to evaluate the performance of the multi stage filtration 
system at the point of use (POU) level in the Kaduna Metropolis, Nigeria. The field 
applications were to be similar to the system that was operated at the pilot scale at the Centre 
for Environmental and Health Engineering (CEHE) laboratory (refer to chapter five).
The study area was categorised into five different land use types as detailed in Chapter three. 
Experimental Programme, namely-
(a) Groundwater (domestic and commercial areas), and
(b) Surface water (domestic, commercial and industrial areas).
The types of anthropogenic activities would probably have different impacts on the water 
sources of the different land use types. Four sampling points were selected in each land use 
type bringing the total to 20 sampling points. The filtration system was run from December 
2012 to March 2013. Water samples were collected fi*om each sampling point for a period of 
three weeks. The efficiency of the filter in the system was evaluated in terms of its ability to 
treat water samples collected fi*om sampling sites fi*om different land use types shown below:
6.2 Scenario one-Domestic Area Groundwater (DMGW).
The sampling points from domestic areas used for the collection of groundwater were 
primarily residential. The filtration set-up was run with water collected from hand dug wells 
located in resident households and public wells in the residential areas (refer to chapter three 
for sampling site details and sampling procedures). Water samples collected from these sites 
were categorised as domestic area groundwater (DMGW).
The areas from where water samples were collected were:-
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(a) Farin Gida Mando- DMGW-FGM, 10° 35’ 12" N, 07° 24' 55" E
(b) Abuja Road Rigasa- DMGW-ARR, 10° 32’ 05" N, 07° 23’ 45" E
(c) Unguwan Sanusi- DMGW-USS, 10° 32’ 01" N, 07° 24’ 14" E
(d) Makarfi Road Rigasa- DMGW-MRR, 10° 31’ 15" N, 07° 23’ 35" E.
6.3 Scenario Two-Commercial Area Groundwater (CMGW).
The groundwater samples collected from commercial areas were mainly associated with 
commercial and business activities, such as trading in open markets and automobile part sales 
and repairs. The filtration set up was run with water collected from hand dug wells located in 
such commercial ventures. Water samples collected from these sites were categorised as 
commercial area groundwater (CMGW).
The areas from where water samples were collected are:-
(a) New Panteka- CMGW-NPK, 10° 34’ 15" N, 07° 25’ 03" E
(b) Arochukwu/Junction Road- CMGW-AJR, 10° 31’ 08" N, 07° 25’ 33" E
(c) Asekolaye Badiko- CMGW-ABD, 10° 31’ 54" N, 07° 24’ 14" E
(d) Unguwan Malam Yau- CMGW-UMY, 10° 30’ 25" N, 07° 24’ 17" E.
6.4 Scenario Three -  Domestic Areas Surface W ater (DMSW).
Surface water sampling sites representing domestic areas were predominantly residential. The 
filtration set-up was run with water collected from streams, rivers and open drainages that 
pass through the residential areas. Water samples colletcted from these sample points were 
categorised as domestic area surface water (DMSW).
The areas from where water samples were collected are:-
(a) Hayin Banki- DMSW-HBK, 10° 35’ 06" N, 07° 25’ 03" E
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(b) Malali/Badarawa- DMSW-MBD, 10° 33' 18" N, 07° 27' 48" E
(c) Hayin Malam Bello- DMSW-HMB, 10° 31' 43" N, 07° 23' 34" E
(d) Amigo Junction- DMSW-AJN, 10° 30' 41" N, 07° 23' 37" E.
6.5 Scenario Four -  Commercial Area Surface W ater (CMSW).
Surface water sampling sites for commercial areas were primarily related to commercial and 
business activities such as trading in open markets and automobile part sales and repairs. The 
filtration set-up was run with water collected from streams, rivers and open drainages that 
traverse such commercial sites. Water samples collected from these sample points were 
categorised as commercial area surface water (CMSW).
The areas from where water samples were collected are:-
(a) New Panteka- CMSW-NPK, 10° 34' 15" N, 07° 25' 03" E
(b) Yakubk Gowon Way- CMSW-YGW, 10° 30’ 11" N, 07° 25’ 36" E
(c) Zango Tudun Wada- CMSW-ZTD, 10° 30’ 29" N, 07° 24’ 02" E
(d) Bakin Ruwa- CMSW-BKR, 10° 31’ 43" N, 07° 24’ 09" E.
6.6 Scenario F ive- Industrial Areas Surface W ater (INSW).
Surface water samples from industrial areas were collected from sites similar to that 
expressed in section 6.5. Water samples collected from these sample points were categorised 
as industrial area surface water (INSW).
The areas from where water samples were collected are:-
(a) Farin Gida Mando- INSW-FGM, 10° 35’ 13" N, 07° 24’ 55" E
(b) Kudandan Industrial Area- INSW-KIA, 10° 28’ 33" N, 07° 23’ 09" E
(c) River Kaduna Unguwan Muazu- INSW-RKM, 10° 30’ 41" N, 07° 23’ 37" E
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(d) River Kaduna Tirkania- INSW-RKT, 10° 30' 29" N, 07° 23' 41" E.
6.7 Determination of water quality from different sources
Experiments were conducted to determine the quality of water from different sources which 
are consumed by the public in the study area. These experiments were conducted in order to 
ascertain the reliability of the laboratory and field equipment (both portable and laboratory). 
This was achieved by conducting periodic laboratory testing of potable water from different 
sources. Samples from these sources were also analysed in the laboratory. The results of 
those analyses are presented in Table 6-1.
As shown in Table 6-1 these water quality testing happened nine times, comprising borehole 
water which was 50 metre deep, sachet water, bottled water and tap water. Water was 
collected from the bore hole and tap water each twice over. Sachet water and bottled water 
were from different, locally available brands. Bottled water is very expensive while sachet 
water is mostly consumed by poor people.
From the table above it can be seen that the bottled water was most wholesome for 
consumption since it has no coliforms and very low level of turbidity. Tap water was 
predictably clean since it has undergone treatment prior to distribution. The quality of bore 
hole may be due to the depth to the water table in addition to the bore hole being properly 
developed with casing and grouting to prevent the infiltration of contaminated water back to 
the bore hole. Sachet water was expectedly of lowest quality since its production, storage and 
distribution have disregarded best practices.
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The box-plots show MSF system operation in Kaduna Metropolis, Nigeria changes in parameter
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Figure 6-3 Domestic areas groundwater-Farin Gida Mando (DMGW-FGM) turbidity levels
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Figure 6-4 Domestic areas groundwater-Abuja Road Rigasa (DMGW-ARR) turbidity levels
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Figure 6-5 Domestic areas groundwater-Abuj a Road Rigasa (DMGW-ARR) faecal coliform 
levels
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Figure 6 - 6  Domestic areas groundwater-Unguwan Sanusi (DMGW-USS) faecal coliform levels
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The box-plots show MSF system operation in Kaduna Metropolis, Nigeria changes in parameter
levels between the raw water (RW) and filtered water (FW)
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6.8 Discussion -  Design, Construction and Operation of Multi-Stage 
Filtration System in Kaduna Metropolis, Nigeria -  December 2012 -  
March 2013
6.8.1 Groundwater Sampling Points (domestic and commercial areas).
(a) pH
The lowest pH value of 5.36 was recorded at Unguwan Sanusi (DMGW-USS, Table 6-4). 
The highest pH value of 8.62 was also recorded at the same location. Such a wide disparity in 
pH values at this site same location may be due to rock weathering producing different types 
of ions and dissolved salts. This is because it took three weeks to take water samples at each 
location. It should be noted that there were no significant changes in the weather such as 
rainfall.
pH values ranged from 6.74 for raw water to 8.20 for the filtered water at the above sample 
point (DMGW- USS, Table 6-4). These mean pH values were within Guideline Limits and 
Standards of the World Health Organisation and Nigerian Government. These values agree 
with the findings of Prathapar et al., (2006) who reported 7.20 and 7.39 for untreated and 
treated water respectively. The pH values were also in agreement with the range of 7.0 -  9.0 
reported by Jha et al., (2009).
(b) Temperature (°C)
The lowest water temperature of 19.9 °C was recorded at Farin Gida Mando (DMGW- FGM, 
Table 6-1) whilst the highest temperature of 32.8 °C was recorded at Makarfi Road Rigasa 
(DMGW- MRR, Table 6-4). The mean temperatures ranged from 24.4 °C for the raw water at 
New Panteka (CMGW- NPK, Table 6.2) to 31.9 °C for filtered water at Makarfi Road Rigasa 
(DMGW- MRR, Table 6-5).
The wide disparity in temperature readings reflects the timings of sampling with the first 
samples being taken as early as 7.00 am whilst the last taking place around 1.00 pm local 
time. There are no temperature limits set by the World Health Organisation and most 
regulatory bodies. However, the Nigerian Government prescribes a water temperature to be at 
the ambient temperature of the sampling location (Table 2.-3). There were no significant 
changes in the ambient conditions being dry season with no cloud covers in the skies.
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(c) Electrical conductivity (EC, pS/cm)
The lowest and highest values of electrical conductivity for groundwater were found at Farin 
Gida Mando (DMGW- FGM, Table 6-1 and at New Panteka (CMGW-NPK, Table 6 -6 ). The 
values were 107.80 and 560.00 gS/cm, respectively.
The mean electrical conductivity values ranged from 220.25 pS/cm for the first pre-filter at 
Farin Gida Mando (DMGW- FGM, Table 6-1) to 446.45 pS/cm for the raw water in 
Arochukwu/Junction Road (CMGW- AJR, Table 6-7). The highest level of electrical 
conductivity was still lower than the standards set by all the regulatory bodies. These results 
were somewhat similar to the range of 11.0 pS/cm to 780 pS/cm and average of 301 pS/cm 
reported by Bhattacharya et al., (2012) in Tarkwa, Western Ghana. The mean values were 
similar to those reported by Prathapar et al., (2006) which were 221 and 294 pS/cm for 
untreated and treated water, respectively. Electrical conductivity values also agreed with the 
broad range of 40 -  780 pS/cm reported by Jha et al., (2009).
(d) Total dissolved solids (TDS, mg/L)
The levels of total dissolved solids followed similar trends with the values of electrical 
conductivity in which a value of electrical conductivity multiplied by a factor in the range of 
0.55 -  0.75 gives a close approximation for the level of dissolved solids in mg/L (Gray, 2002 
and Ratnayaka et al., 2009).The TDS mean values ranged from 104.57 mg/L for the first pre­
filter at Farin Gida Mando (DMGW -  FGM, Table 6-2) to 236.64 mg/L in the raw water at 
Arochukwu/Junction Road (CMGW-AJR, Table 6-7).
Levels of TDS were below the Guideline Limits and Standards of the World Health 
Organisation and other regulatory authorities. TDS levels were much lower than that reported 
by O’Reilly et al., (2010) and Famfield (2012) in Eduardo Castex (La Pampa) Argentina. 
This sampling site has high salt deposits resulting in elevated ion levels associated with a 
history of volcanic actitity. The values, however, agree with the findings of Prathapar et al., 
(2006) with 121 and 162 mg/L in untreated and treated water, respectively.
(e) Dissolved oxygen (DO, mg/L)
Dissolved oxygen levels were generally low across all the stages of the filter showing varying 
degrees of contamination. The lowest dissolved oxygen (DO) level was recorded for the 
filtered water from Arochukwu/Junction Road (2.28 mg/L, CMGW- AJR, Table 6-7). The 
highest DO level of 10.20 mg/L was found for raw water sampled at Farin Gida Mando,
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(DMGW-FGM, Table 6-2). The mean DO values ranged from 4.55 mg/L for the filtered 
water for Arochukwu/Junction Road (CMGW-AJR, Table 6-7) to 7.09 mg/L for raw water at 
Asekolaye Badiko (CMGW-ABD, Table 6 -8 ). This represents about 23% reduction in DO 
from raw water to filtered water.
The mean values of dissolved oxygen were found to be highest in the raw water and least in 
the filtered water. All were mainly below the Guideline Limit set by the World Health 
Organisation. Dissolved oxygen depletion for filtered water may have been caused by 
metabolic activities leading to protease production (Elliot et a l, 2011). Kadam et a l, (2009) 
reported an increase in dissolved oxygen levels which ranged from 0.7 -  0.8 ± 1.1 and 3.7 
±4.0 mg/L in influents and effluents, respectively. No reasons were adduced for such 
increases in dissolved oxygen in the filtered water over the values in the raw water. These 
results are contrary to the above findings of this research.
(f) Biochemical oxygen demand (BOD, mg/L)
The generally low levels of biochemical oxygen demand (BOD) across all stages of the filter 
somewhat mitigated the low levels of dissolved oxygen (DO). The lowest BOD level of 1.26 
mg/L was recorded for filtered water in Arochukwu/ Junction Road (CMGW-AJR, Table 6 - 
7). The highest BOD value of 4.88 mg/L was recorded in the second pre-filter sample from 
Arochukwu/ Junction Road (CMGW-AJR, Table 6-7). The mean BOD values ranged from 
2.19 mg/L for the filtered water from Arochukwu/ Junction Road (CMGW-AJR, Table 6-7) 
to 3.65 mg/L for the raw water collected at Asekolaye Badiko (CMGW-ABD, Table 6 -8 ).
The above mean BOD values were lower for both raw water as well as produced filtered 
water than those reported by Kadam et al, (2009) of 54.7 -  91.7 mg/L for raw water and 7.3 
-  8 . 6  mg/L in produced water whilst Nemade et a l, (2009) reported a reduction from 22.1 
mg/LBOD in influent to 7.0 mg/LBOD in the effluent produced water.
(g) Turbidity (NTU)
The highest turbidity level of 738.00 (NTU) was recorded for raw water collected from New 
Panteka (CMGW- NPK, Table 6-5) whilst the lowest level of 2.24 (NTU) was found in 
filtered water from Abuja Road Rigasa (DMGW- ARR, Table 6-3).
The mean turbidity values ranged from 4.77 (NTU) for the filtered water from Farin Gida 
Mando (DMGW- FGM, Table 6-2) to 436.35 (NTU) for raw water at New Panteka (CMGW-
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NPK, Table 6-6). Mean turbidity reductions were 16.17 (NTU) for raw water to 4.77 (NTU) 
in the filtered water from Farin Gida Mando (DMGW-FGM, Table 6-2) representing 70% 
reduction; 22.93 (NTU) for raw water to 6.51 (NTU) for the filtered water from Abuja Road 
Rigasa (DMGW-ARR, Table 6-3) representing 72% reduction; 19.37 and 6.36 (NTU) in for 
raw water and filtered water collected at Unguwan Sanusi (DMGW-USS, Table 6-4) and 
from 71.93 to 8.04 (NTU) for raw water and filtered water respectively at Makarfi Road 
Rigasa (DMGW-MRR, Table 6-5) representing 89% in reductions in turbidity levels. The 
increased percentage removal efficiency of turbidity by the filter was attributed to filter 
ripening.
In the groundwater samples collected from commercial areas reductions in mean turbidity 
were 436.35 (NTU) for raw water to 14.90 (NTU) for the filtered water collected from New 
Panteka (CMGW-NPK, Table 6-6) representing 97% reduction; 37.49 (NTU) for raw water 
to 7.19 (NTU) for the filtered water at Arochukwu/ Junction Road (CMGW-AJR, Table 6-7) 
representing 81% reduction; 86.97 and 8.26 (NTU) for the raw water and filtered water at 
Asekolaye Badiko (CMGW-ABD, Table 6-8) and from 81.11 to 8.45 (NTU) for raw water 
and filtered water, respectively collected from Unguwan Malam Yau (CMGW-UMY, Table
6-9) representing 90% reduction in turbidity. The increased percentage of removal efficiency 
of the filter may be due to filter maturation.
The results showed that even though the filter worked in removing turbidity levels from the 
raw water the resultant filtered water had mean values that were mostly above the Guideline 
Limits of 5.00 (NTU) of World Health Organisation and Nigerian Government (Table 2-
3).The above turbidity removal rates have been found to be better than those reported by 
Nakhla and Farooq (2003) of 35 -  56% and Duran -  Ross et al., (2009b) of 57.6 -  66.4%. 
The values were, however, not too dissimilar to the findings by Neto et al., (2012) of 2.25 
(NTU) and Elbana et ah, (2012) with 60 -  85% reductions.
(h) Faecal coliform (FC, efu/100 mL)
Faecal coliforms were found in groundwater samples from all the domestic and commercial 
areas. The levels, however, vary depending on factors such as newness of the water well, its 
distance from sewage points and environmental sanitation. Exceedingly high levels were 
recorded at Abuja Road Rigasa, Makarfi Road Rigasa and Asekolaye Badiko than for other 
sampling points in the study area. This may be due to the fact that the water well at Farin
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Gida Mando was located about 40 metres from a sewage point whilst the well located at 
Unguwan Sanusi was newly dug. The water wells from the other sites were poorly 
maintained. The lowest level of 2.00 efu/ 100 mL was found at Farin Gida Mando (DMGW- 
FGM, Table 6-2). The highest level of 349.50 efu/ 100 mL was recorded for raw water in 
Asekolaye Badiko (CMGW-ABD, Table 6-8).
The mean FC value ranged from 4.07 efu/ 100 mL for filtered water at Farin Gida Mando 
(DMGW-FGM, Table 6-2) to 56.67 efu/ 100 mL for raw water at Makarfi Road Rigasa 
(DMGW-MRR, Table 6-5).
Reduction levels for faecal coliforms ranged from 15.37 to 4.07 efu/ 100 mL, for raw water 
and filtered water at Farin Gida Mando (DMGW-FGM. Table 6-2) representing about 74% 
removal, from 26.47 to 9.90 efu/ 100 mL for raw water and filtered water at Abuja Road 
Rigasa (DMGW-ARR, Table 6-3) representing 63% reduction. At Unguwan Sanusi 
(DMGW-USS, Table 6-4) the values were 17.73 efu/ 100 mL for raw water and 4.27 efu/ 100 
mL for filtered water. Finally, in Makarfi Road Rigasa (DMGW-MRR, Table 6-5) there was 
88% removal from 56.57 for raw water to 6.67 efu/ 100 mL for the filtered water.
Mean faecal coliform levels throughout the filter agree with the results reported by Duke et 
al, (2006), Fewster et al, (2004) and Jenkins et a l, (2011). The results of this study showed 
that the mean levels were above the Guideline Limit of World Health Organisation and the 
Standards of other regulatory organisations (Table 2-3). The implication of this is that even 
though the filter works by reducing faecal coliforms and turbidity from raw water, the 
resultant filtered water may not be completely potable without further treatment such as solar 
disinfection (SODIS).
The results of a t-test statistical analysis showed that the calculated values exceeded the 
critical values between the mean values of raw and filtered water in dissolved oxygen, teal > 
tcrit or (11.79 >3.18) and biochemical oxygen demand (13.68 > 3.18). Regarding the F -  test 
analysis calculated values were found to exceed the critical values for turbidity, Fcal > Fcrit 
or (2906.28 > 9.27) and faecal coliform (2113.36 > 9.27) at the 95% confidence limit (or 
probability p < 0.05).
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6.8.2 Surface water Sample Points (domestic, commercial and industrial 
areas).
(a) pH
The pH values for samples from most of the sampling points were within the Guideline 
Limits of the World Health Organisation and Standards of the Nigerian Government. The 
most extreme values were 6.30 and 8.86 recorded in samples from the second pre-filter at 
Amigo Junction (DMSW-AJN, Table 6-13) and the first pre-filter at Kudandan Industrial 
Area (INSW-KIA, Table 6-19), respectively.
The mean pH values ranged from 7.03 for filtered water at Farin Gida Mando INSW-FGM, 
Table 6-17) to 8.65 for raw water at Amigo Junction (DMSW-AJN, Table 6-13). These 
values agree with previous studies at part of the study area by Kendirim (2005). Similar pH 
value of 8.04 was reported by Ryu et al., (2008).
(b) Temperature (°C)
All samples temperature data reflected the ambient temperature values at the time of 
sampling. Other ambient conditions were sunny and clear skies with the absence of clouds 
and rains. The lowest temperature of 19.50 °C was recorded for raw water collected from 
Hayin Banki (DMSW-HBK, Table 6-10). This temperature corresponded to the first 
sampling of the day with the usual start time of 7.00 am daily. The highest temperature of 
33.06 °C was recorded for the filtered water in River Kaduna Tirkania (INSW-RKT, Table 6- 
20). The temperature data are similar to those reported by Kendirim (2005).
(c) Electrical conductivity (EC, pS/cm)
The wide disparity in the differences in the values of electrical conductivity is symptomatic 
of the variety of sources of surface water collected from the sampling sites. The lowest 
electrical conductivity value of 146.20 pS/cm was recorded for the raw water at Farin Gida 
Mando (INSW-FGM, Table 6-18) whilst 822.80 pS/cm was recorded for the raw water at 
Hayin Malam Bello (DMSW-HMB, Table 6-12). Higher levels of EC may be due to the local 
geochemistry, including the types of soils and rocks and the presence of salt deposits. The 
values were nonetheless, below the guideline limits and standards of the regulatory bodies.
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The mean EC values ranged from 222.00 pS/cm for a sample from the second pre-filter at 
New Panteka (CMSW- NPK, Table 6-14) to 717.52 pS/cm for the raw water at Hayin Malam 
Bello (DMSW-HMB, Table 6-12). The sampling point that recorded the highest EC value 
was found to be a stream that discharges effluents from households. Mean EC levels were in 
broad agreement with the data reported by Kendirim (2005) and for Okavango delta 
(Musamba and Mazvimvi, 2008); Prathapar et al., (2006); Varol et al., (2013) in the Tigirs 
river basin, Turkey and for the Nile river in Cairo, Egypt as reported by Hafez et al., 2008 
and Ali et al., 2011.
(d) Total dissolved solids (TDS, mg/L)
The values of total dissolved solids followed similar trends to those for electrical 
conductivity. The lowest TDS of 86.00 mg/L was recorded for the raw water from Hayin 
Banki (DMSW-HBK, Table 6-10). The highest value for 415.20 mg/L was recorded at Hayin 
Malam Bello (DMSW-HMB, Table 6-12).
The mean TDS values ranged from 133.13 mg/L for the first pre-filter at Hayin Banki 
(DMSW-HBK, Table 6-9) to 356.23 mg/L for the raw water at Hayin Malam Bello (DMSW- 
HMB, Table 6-12). A positive correlation was found to exist between EC and TDS which is 
in agreement with Gary, 2002 and Ratnayaka et al., 2009). The values of TDS also agree with 
the findings of Kendirim (2005) and Jannalagadda and Mhere (2001). The total dissolved 
solids values were found to be below the World Health Organisation Guideline Limits in all 
sampling points. Low mean TDS value of 174 mg/L was reported by Rhu et al., (2008) for 
samples collected from the Han river basin. South Korea. The TDS levels in raw water were 
also found to be lower than those reported by Famfield (2012) for Eduardo Castex (La 
Pampa), Argentina. They were, however, in broad agreement with 249.75 -  323.88 mg/L 
reported by Varol et al., (2013) for the Tigris river basin, Turkey. The data was, however, 
found to be above the standards of other regulatory bodies including the Nigerian 
Government.
(e) Dissolved oxygen (DO, mg/L)
The lowest dissolved oxygen level (2.64 mg/L) was recorded in filtered water collected from 
Kudandan Industrial Area (INSW-KIA, Table 6-19). The highest DO level was at the lowest 
recommended Guideline Limit of the World Health Organisation of 9.50 mg/L. This was
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recorded in the raw water at Farin Gida Mando (INSW-FGM, Table 6-18). The mean DO 
levels ranged from 4.01 mg/L for filtered water from Kudandan Industrial Area (INSW-KIA, 
Table. 6-19) to 7.07 mg/L for the raw water collected from River Kaduna Unguwan Muazu 
(INSW-RKM, Table 6-20).
Lower levels of dissolved oxygen were recorded for the filtered water than for the raw water. 
This may be due to biological activity in the sand media (Elliot et ah, 2011). However, 
Prathaapar et al., (2006), Kadam et al., (2009) and Nemade et al, (2009) reported elevated 
levels of dissolved oxygen in treated water over untreated water.
(f) Biochemical oxygen demand (BOD, mg/L)
Levels of biochemical oxygen demand (BOD) followed similar trends to those for dissolved 
oxygen. The lowest BOD level of 1.16 mg/L was recorded for filtered water from Malali/ 
Badarawa (DMSW-MBD, Table 6-11) whilst the highest level of 5.764 mg/L was recorded 
for the raw water collected from Yakubu Gowon Way (CMSW-YGW, Table 6-15). The 
mean BOD levels ranged from 1.77 mg/L for the filtered water at Hayin Malam Bello 
(DMSW-HMB, Table 6-12) to 3.94 mg/L for the raw water at Bakin Ruwa (CMSW-BKR, 
Table 6-17). Levels of BOD were similar to those reported by Kadam et a l, (2008) and 
Nemade et a l, (2009).
(g) Turbidity (NTU)
Levels of turbidity for surface waters were generally reduced by the filtration system. The 
highest value of 337.00 NTU was recorded for the raw water while the lowest value of 1.96 
NTU was recorded for the filtered water both at Malali/ Badrawa (DMSW-MBD, Table 6- 
11). The mean turbidity values ranged from 313.30 NTU for the raw water collected from 
Malali/ Badarawa (DMSW-MBD, Tahle 6-11) to 7.53 NTU for the filtered water treated 
collected from Zango Tudun Wada (CMSW-ZTW, Table 6-16).
The results showed mean turbidity removal rates as follows - : Hayin Banki (DMSW-HBK, 
Table 6-10) 57.21 for raw water to 10.53 NTU, representing 82% reduction; Malali/ 
Badarawa (DMSW-MBD, Table 6-11) 313.30 for raw water to 9.48 NTU for filtered water, 
representing 97% reduction; Hayin Malam Bello (DMSW-HMB, Table 6-12) 219.20 for raw 
water to 8.53 NTU for filtered water, representing 96% reduction and finally, at Amigo
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Junction (DMSW-AJN, Table 6-13) 91.93 for raw water to 9.29 NTU for filtered water, 
representing 90% reduction.
In the surface water samples collected from commercial areas the results showed a reduction 
in mean turbidity as follows - : New Panteka (CMSW-NPK, Table 6-14) 68.51 for raw water 
to 8.62 NTU for filtered water, representing 87% reduction; Yakubu Gowon Way (CMSW- 
YGW, Table 6-15) 62.56 for raw water to 11.91 NTU filtered water, representing 81% 
reduction; Zango Tudun Wada (CMSW-ZTW, Table 6-16) 249.37 for raw water to 8.82 NTU 
for filtered water, representing 96% reduction and finally, Bakin Ruwa (CMSW-BKR, Table 
6-17) 88.88 for raw water to 8.36 NTU for filtered water, representing 91% reduction in 
turbidity levels.
In the industrial areas surface water samples the results showed mean reductions in turbidity 
levels as follows - : Farin Gida Mando (INSW-FGM, Table 6-18) 71.37 for raw water to 8.73 
NTU, representing 88% reduction; Kudandan Industrial Area (INSW-KIA, Table 6-19), 
158.09 for raw water to 9.09 NTU representing 94% reduction; River Kaduna Unguwan 
Muazu (INSW-RKM, Table 6-20), 242.41 for raw water to 8.71 NTU representing 96% and 
finally. River Kaduna Tirkania (INSW-RKT, Table 6-21) 299.15 for raw water to 9.06 NTU 
for filtered water, representing 97% a reduction in turbidity levels.
Turbidity levels for filtered water were above the Guideline Limits of the World Health 
Organisation and other regulatory bodies (Table 2-3) despite an impressive reduction in the 
levels of turbidity. This means that the filtered water may require some form of treatment 
such as clarification or chlorination prior to consumption. Levels of turbidity removal were 
better tan that reported by Nakhla and Farooq (2003) of 35-56% and Duran -  Ross et al., 
(2009b) of 57.6-66.4%. The values were, however, not too dissimilar to the findings of Neto 
et al., (2012) of 2.25 (NTU); 12.6 (NTU) for untreated and 6.03 (NTU) for treated water 
(Prathapar et ah, 2006) and Elbana et al., (2012) who reported 60-85% reductions in turbidity 
consequent on filtration.
(h) Faecal coliform (FC, efu/100 mL)
Microbiological contamination of water sources were recorded at all sampling points with 
high levels of faecal coliforms across the study area. This may be due to the discharge of 
domestic effluents including human and animal wastes and the subsequent mixing with 
effluents from industrial and commercial activities in streams and rivers with urban run- off.
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Reductions in faecal coliform mean values ranged from 249.97 to 14.07 efu/ 100 mL, for the 
raw and filtered water at Hayin Banki (DMSW-HBK, Table 6-10) representing a reduction of 
94%; from 532.97 to 25.80 efu/ 100 mL for raw water and filtered water at Malali/ Badarawa 
(DMSW- MBD, Table 6-11) representing 95% reduction in faecal coliforms. At Hayin 
Malam Bello (DMSW-HMB, Table 6-12) the values were 489.40 efu/ lOOmL for the raw 
water and 9.73 efu/ 100 mL for the filtered water, representing 98% reduction. Finally, at 
Amigo Junction (DMSW-AJN, Table 6-13) there was 96% removal of faceal coliforms from 
241.73 for the raw water to 10.87 efu/ 100 mL for the filtered water.
In the samples collected from the surface water from commercial areas reductions in faecal 
coliform mean values ranged from 26.47 in to 9.90 efu/ 100 mL, for the raw water and 
filtered water collected from New Panteka (CMSW-NPK, Table 6-14) representing a 63%; 
from 448.67 to 25.57 efu/ 100 mL for raw water and filtered water fromYakubu Gowon Way 
(CMSW- YGW, Table 6-15) representing a 94% reduction. At Zango Tudun Wada (CMSW- 
ZTW, Table 6-16) the values were 234.034 efu/ lOOmL for the raw water and 7.53 efu/ 100 
mL for the filtered water, representing a 97% reduction. Finally, in Bakin Ruwa (CMSW- 
BKR, Table 6-17) there was a 97% reduction from 275.20 for the raw water to 9.57 efu/ 100 
mL for the filtered water.
In the industrial areas surface water samples reduction in faecal coliform levels post filtration 
the mean values ranged from 26.47 cfu/lOOmL for the raw water to 9.90 cfii/lOOmL for the 
filtered water collected at Farin Gida Mando (INSW-FGM, Table 6-18), representing about a 
63% reduction; in Kudandan Industrial Area with the value of 737.27 efu/ lOOmL for raw 
water and 28.97 efu/ lOOmL for filtered water (INSW-KIA, Table 6-19) representing a 96% 
reduction; River Kaduna Unguwan Muazu (INSW-RKM, Table 6-20) from 384.50 for the 
raw water to 9.87 efu/ lOOmL for the filtered water, representing a 97% reduction and finally 
in River Kaduna Tirkania with the values of 458.27 and 10.93 efu/ lOOmL for raw water and 
filtered water respectively, representing a 98% reduction. This agrees with 98.5% filter 
average bacterial removal found in Haiti by Baker and Duke (2006).
Mean faecal coliform levels at different stages throughout the filter agree with the results 
reported by Duke et al., (2006), Fewster et al., (2004), Prathapar et a l, (2006) and Jenkins et 
a l, (2011). The results showed mean levels above the Guideline Limit of World Health 
Organisation and the Standards of other regulatory organisations (Table 2-3). The implication 
of these results is that the filtration system does not produce coliform free filtered water.
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A statistical analysis was undertaken of the data for surface water samples collected from 
domestic areas. The results of the t-test analysis confirmed that the calculated values 
exceeded critical values when comparing the values for raw water and filtered water for 
dissolved oxygen, teal > tcrit (9.60 >3.18), biochemical oxygen demand, teal > tcrit (4.70 > 
3.18) and faecal coliform, teal > tcrit (4.83 > 3.18). In terms of the F -  test analysis the 
calculated values exceeded the critical values for dissolved oxygen, Fcal > Fcrit (7.46 > 
9.27), turbidity, Fcal > Fcrit (191.95 > 9.27) and faecal coliform, Fcal > Fcrit (23.96 > 9.27). 
This confirms the rejection of null hypothesis and a statistically significant difference (or 
reduction) occurs between the raw and treated water (for these factors) at the 95% confidence 
limit or probability (p 0.05).
6.8.3 Multi Stage Filtration System Removal of Trace Elements in the 
Field
In addition to evaluating the removal of turbidity and microbiological parameters the multi 
stage filtration system was also tested on its ability to remove trace elements in water samples 
from Kaduna, Nigeria. Therefore, water samples were collected at all stages of the filtration 
process (RW- raw water, Pl-1®^  pre filter, P2-2"^ pre filter and FW- filtered water). The water 
samples were sent to the United Kingdom where they were analysed using the ICP-MS 
instrument in the Department of Chemistry, University of Surrey. The results of trace element 
analysis are reported in Tables 6-22 to 6-26 and schematically presented by element in 
Figures 6-10 to 6-15 (for Al, Cr, Mn, Zn, Cr and Fe).
The removal of trace elements from the multi stage filtration system was, however, 
disappointing. This is due to several factors. Firstly, the trace element concentrations in the 
raw water were very low, typically pg/L (with Al, Mn, Fe and Zn) approaching the mg/L 
concentrations. Results of groundwater from domestic areas (Table 6-22) are generally lower, 
especially Mn and Fe whilst Al and Zn are slightly raised. Throughout the treatment stages 
(Pl-U^ pre filter and P2-2”^  pre filter) there is clear reduction of elemental levels, although the 
last stage appears to increase in concentrations. This clearly means that the filter material 
may be contributing to the elemental composition of the filtered water (FW). Raw water from 
commercial areas (Table 6-23) has higher Mn, Fe and Zn concentrations with maximum 
concentrations of 3655.22 (Mn), 1291.53 (Fe) and 1508.67 (Zn) ng/L. Only Al appears to
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have the same problem of a slightly raised level during the last treatment stage resulting in an 
enhancement of levels between raw water and filtered water.
Surface waters have similar trace element patterns to that mentioned above for groundwater. 
Surface water from commercial (Table 6-26) and industrial areas (Table 6-27). Interestingly, 
groundwater has higher Mn and Fe concentrations which are not suprising for hand dug 
wells, with these elements being influenced by inputs from soil chemistry (clays).
In general for surface water sampling sites located at domestic areas Al, Mn, Fe, Cu, Zn and 
Pb levels are reduced by 46% for Cu to 96% for Mn (Table 6-24). For commercial areas 
sampling points the removal levels ranged from 33% for Ni to 96% for Mn (Table 6-25). 
Finally, at sampling points for industrial areas only Cu was found to be higher in the filtered 
water than in the raw water. The removal rates ranged from 1% for Ni to 95% for Zn (Table 
6-26).
Therefore in summary, whilst the elemental levels in the raw water are raised (groundwater 
from commercial being the highest) and removal occurs during the removal stages of the 
filter for some elements (Al especially). There was some minor leaching from the sand media 
that contributes to the final filtered water levels. However, in terms of the overall ‘fit for 
purpose' requirements of proving drinkable water in the communities of Kaduna Metropolis. 
The results are encouraging for application in Nigeria. It should be stressed that sand media 
selection and maintenance are important in terms of ‘long - term’ of the filter.
6.8.3.1 Trace elements in domestic areas groundwater sample points (DMGW).
In the groundwater sampling points categorised under domestic areas aluminium and lead 
were the only trace elements found to have concentrations higher than the World Health 
Organisation Guideline Limit (Table 2-3) in the raw water. For these two elements their 
levels in the raw water were reduced by the filtration system. The mean concentrations of Al 
are 2091.62 pg/L for the raw water and 36.66 pg/L for the filtered water respectively. This 
represents 98% reduction levels. Pb was similarly reduced from 11.94 pg/L for the raw water 
to 0.75 pg/L for the filtered water, representing about 94% reduction in levels by the filtration 
process.
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The cocnentrations of Cr, Ni, Cu and Zn were below World Health Organisation Guideline 
Limit (2-3) but were similarly reduced by the filter. The cocnentration of Chromium was 
reduced from 1.91 pg/L for the raw water to 0.54 pg/L for the filtered water, representing 
67% reduction (Table 6-22). Other trace elements that were removed by the filter system 
were Nickel form 1.88 pg/L for the raw water to 1.31 pg/L for the filtered water, representing 
30% reduction; Copper from the level of 2.98 pg/L for the raw water to 0.19 pg/L for the 
filtered water, representing 94% removal. Also reduced was Zinc from 668.89 pg/L for the 
raw water to 359.76 pg/L for the filtered water, representing 46% removal.
The reduction in the levels of Al and Cr may be due to their dissolution due to weathering 
and leaching in water and eventual adsorption onto the sand media. This may be due to the 
fact that where the sand grains are coated with Al the performance of the filter is enhanced 
(Weber -  Shirk et al., 2007).
fron and manganese were found to be more in the filtered water than in the raw water even 
though their levels were still below the Guideline Limits of the World Health Organisation. 
The level of Fe was found to increase from 91.82 pg/L for the raw water to 133.10 pg/L for 
the filtered water showing an increase of about 31%. Similarly, the level of Mn increased 
from 83.70 pg/L for the raw water to 349.09 pg/L for the filtered water, representing 76% 
increase in the level of the trace element.
The increases witnessed in the levels of Fe and Mn may probably be due the elements being 
in reduced and insoluble forms of ferric and manganese (II) but when oxidised become more 
soluble which are then accumulated in the filtered water (Ellis et al., 2000; Roccaro et al., 
2007). Levels of trace elements above were generally within the findings of Neto et al., 
(2012) on rainwater harvesting at Tancredo Neves International Airport, Confins, Brazil and 
in General Roca (Rio Negro). The values were, however, lower than those reported for 
Eduardo Castex (La Pampa), Argentina by Famfield et al., 2012.
6.8.3.1 Trace elements in commercial areas groundwater sample points (CMGW).
In the commercial areas trace elements found to have levels higher than the Guideline Limits 
of the world Health Organisation were manganese and iron. The mean concentration of Mn 
ranged from 1715.12 pg/L for the raw water to 236.69 pg/L for the filtered water showing 
86% reduction whilst the mean concentration of Fe was reduced from 4743.88 pg/L for the 
raw water to 439.30 pg/L for the filtered water, representing a reduction of 91%.
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The mean concentrations of chromium, copper, zinc and lead were below the limits of the 
World Health Organisation (Table 2-3) yet the measured concnentrations were lower in the 
filtered water than in the raw water (Table 6-23). The reductions ranged fi*om Cr from 1.31 to 
1.16 pg/L, representing 11% reduction; Cu from 1.03 to 0.97 pg/L, representing 6% 
reduction; Zn fi*om 668.14 to 26.83 pg/L showing 96% reduction and Pb from 1.42 to 1.32 
pg/L, showing 7% reduction in the concentrations of the trace elements through the filtration 
process.
The mean concentrations of aluminium and nickel were found to be more for the filtered 
water than for the raw water even though the concentrations were below the World Health 
Organisation Guideline Limits (Table 6-23). The mean concentration of Al increased from 
98.66 for the raw water to 141.82 pg/L for the filtered water, showing an increase of 30% 
while the concentration of Ni increased from 1.22 in the raw water to 2.69 pg/L in the filtered 
water, representing an increase of 54%. Increases in trace elemental concentration may be 
due to leaching and the accumulation of the dissolved salts and ions.
Reduction of Fe and Mn may be attributed to the oxidation and eventual filtration of Fe into 
ferrous ions and Mn into manganous ions (Ellis et al., 2000). The high concentration of Zn 
relative to other sampling points may be due the presence of automobile electroplating and 
painting activities being carried out near one of the sampling points. It was the point with the 
highest recorded value of 1508.67 pg/L- New Panteka (CMGW-NPK, Table 6-19). The 
presence of Fe, Mn, Zn and Al were in agreement with findings by Asante et al., (2006) and 
Bhattacharya et al., (2012).
6.8.3.2 Trace elements in domestic areas surface water sample points (DMSW).
Surface water samples collected from domestic areas showed iron as the only trace element 
found to be higher than the Guideline Limit of the World Health Organisation and other 
regulatory bodies (Table 2-3). Presence of iron may be due to the prevalence of the use of 
corrugated iron sheets for roofing in residential areas. Concnentration of Fe was effectively 
reduced by the filtration system. The mean concentration of Fe for the raw water was 4743.88 
pg/L which was reduced to 439.30 pg/L for the filtered water showing 91% reduction of the 
concentration of Fe (Table 6-24).
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Some trace elements -  Al, Mn, Cu, Zn and Pb were similarly reduced by the filtration system 
even though their mean concentrations were below the Guideline Limits of the World Health 
Organisation and other regulatory bodies (Table 2-3). Low concentration of Al in may be due 
to its immobilisation arising from the transformation of Al into aluminosilicates (Frankowski 
et al., 2011). These elements experienced 54, 96, 46, 94 and 54% reduction in concentrations 
respectively. The levels of Cr and Ni increased by about 4 and 171% for the filtered water 
over the concentrations for the raw water even though the concentrations were insignificant 
compared with the WHO Guideline Limits. Leaching could be the probable cause of the 
increase in the concentrations of these elements in the filtered water.
Presence of Fe and Mn in the surface water may have originated from weathering and 
leaching of the underlying geology, particularly of lateritic sediments which may have 
ultimately been mixed due to urban run-off (Offodie, 1992; Omo- Irabor et al., 2008). High 
concentrations of Mn can also be found in domestic waters, industrial effluents and receiving 
streams (Sawyer et al., 2003).
Removal of Fe and Mn may be due to oxidation of iron into ferrous ions and manganese into 
manganous ions and their eventual filtration (Ellis et al., 2000). Other elements may have had 
their concentrations reduced through the normal processes of oxidation, precipitation and 
filtration. The increase in the concentrations of some elements may be caused by their 
accumulation from the continuous operation of the sand filter.
6.8.3.3 Trace elements in commercial areas surface water sample points (CMSW).
In the surface water samples collected from commercial areas aluminium and iron were the 
only trace elements found to be higher than the Guideline Limit of the World Health 
Organisation and other regulatory bodies (Table 2-3). The mean concentration of Al was 
reduced from 203.99 pg/L for raw water to 57.18 pg/L for the filtered water, representing 
72% removal rate. The mean concentration of Fe for the raw water was 1579.06 pg/L which 
was then reduced to 112.55 pg/L in the filtered water showing 93% removal rate. (Table 6- 
25). High concentrations of Al were similarly reported by Bhattacharya et al., (2012) in 
neighbouring Ghana.
Some trace elements -  Cr, Mn, Ni, Cu, Zn and Pb were similarly removed by the filtration 
system even though their mean concentrations were below the Guideline Limits of the World
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Health Organisation and other regulatory bodies (Table 2-3). These elements experienced 70, 
96, 33, 68, 92 and 94% reductions, respectively.
Presence of Fe and Mn in the surface water may have originated from weathering and 
leaching of the underlying geology, particularly of lateritic sediments which may have 
ultimately been mixed with effluents from anthropogenic activities in urban run-off (Offodie, 
1992; Omo- frabor et al., 2008). High concentrations of Mn can also be found in domestic 
waters, industrial effluents and receiving streams (Sawyer et al, 2003). High concentrations 
of Mn were in agreement with the findings of Asante et a l, (2007) in Ghana.
Reduction in the concentrations of Fe and Mn as a result of filtration may be due to oxidation 
of iron into ferrous ions and manganese into manganous ions and their eventual filtration 
(Ellis et al., 2000). Other elements may have had their concentrations reduced through the 
normal processes of oxidation, precipitation and filtration. The increase in the concentrations 
of some elements may be caused by their accumulation in the sand filter.
6.8.3.4 Trace elements in industrial areas surface water sample points (INSW).
In the surface water samples in industrial areas iron was the only trace elements found to be 
higher than the guideline limit of the World Health Organisation and other regulatory bodies 
(Table 2-3). The mean concentrations of Fe for the raw water were 1190.43 pg/L and 107.07 
pg/L for the filtered water respectively showing 91% removal rate. (Table 6-26).
Trace elements whose concentrations were reduced by the filtration system were Al, Cr, Mn, 
Ni, Cu, Zn and Pb. The mean concentrations of these elements were below the Guideline 
Limits of the World Health Organisation and other regulatory bodies (Table 2-3). These 
elements had 66, 16, 87, 1, 95 and 7% reductions, respectively. The concentration of Cu 
increased in the filtered water more than in the raw water by about 22%. This may be due 
accumulation of the element in the sand grains of the filter media.
Presence of Fe and Mn in the surface water may have originated from weathering and 
leaching of the underlying geology, particularly of lateritic sediments which may have 
ultimately been mixed due to urban run-off (Offodie, 1992; Omo- Irabor et ah, 2008). 
Removal of Fe and Mn may be due to oxidation of iron into ferrous ions and manganese into 
manganous ions and their eventual filtration (Ellis et al., 2000). Other elements may have had 
their concentrations reduced through the normal processes of adsorption, oxidation,
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precipitation and filtration. Conversely the increase in the concentrations of some elements 
may be caused by their accumulation in the sand filter. The main sources of Ni in the surface 
waters of industrial areas are probably the rinsed waters from electroplating activities in a 
vehicle assembly plant (Sawyer et ah, 2003) while Cr may be attributed to wastewaters from 
industries especially where chromate is used to inhabit metal corrosion (Asubiojo et al., 
1997).
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Multi Stage Filtration Syatem Removal of Some Trace Elements in the Field, Kaduna 
Metropolis, Nigeria
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Figure 6-10 Al removal by sand filter, 19/12/2012
Cr removal by sand filter, 19/12/2012
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Figure 6-11 Cr removal by sand filter, 19/12/2012
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Figure 6-12 Mn removal by sand filter, 19/12/2012
152
Zn removal by sand filter, 19/12/2012
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Figure 6-13 Zn removal by sand filter, 19/12/2012
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Figure 6-14 Cr removal by sand filter, 07/01/2013
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Figure 6-15 Fe removal by sand filter, 07/01/2013
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6.9 Multi Stage Filtration System Operation and Cleaning in the Field.
As shown in Table 6-27 the operation of the multi stage filtration system in the field began on 
3^  ^December 2012. After about ten days (13* December 2012) the filter was considered to 
have stabilised and started to produce filtered water with an average 90% reduction in faecal 
coliforms. Then from the second week of January 2013 the various filters started to produce 
filtered water with increasing levels of faecal coliforms. That necessitated the first filter 
cleaning.
In the multi stage filtration set-up being used for the treatment of groundwater from domestic 
areas (DMGW) the removal rates of faecal coliforms hovered between 76 and 63%. After 
filter cleaning the the removal efficiency returned to > 90%. However, around 11* March 
2013 the removal levels were between 88 and 74% necessitating another filter cleaning. 
During the treatment of groundwater from commercial areas (CMGW) around 11* January 
2013, the removal levels of faecal coliforms ranged from 97 to 95%. After the filter was 
cleaned higher percentages of faecal coliform removal were recorded. Details of the data 
obtained from these experiments are presented in Appendix A.
Table 6-27 MSF Filter operations and cleaning
operation cleaning
Date % rem oval* % rem oval * * Date
D M G W 0 3 /1 2 /2 0 1 2 76-63 1 3 /0 1 /2 0 1 3
1 6 /0 1 /2 0 1 3 88-74
C M G W 0 3 /1 2 /2 0 1 2 97-95 1 3 /0 1 /2 0 1 3
1 6 /0 1 /2 0 1 3 96-91
D M SW 0 3 /1 2 /2 0 1 2 95-94 1 3 /0 1 /2 0 1 3
1 6 /0 1 /2 0 1 3 98-96
CMSW 0 3 /1 2 /2 0 1 2 97-63 1 3 /0 1 /2 0 1 3
1 6 /0 1 /2 0 1 3 97-94
INSW 0 3 /1 2 /2 0 1 2 96-63 1 3 /0 1 /2 0 1 3
1 6 /0 1 /2 0 1 3 98-97
Key: -
DMGW- Domestic area groundwater, CMGW- Commercial area groundwater
DMSW- Domestic area surface water, CMSW- Commercial area surface water, INSW- 
Industrial surface water, *before cleaning, ** after cleaning.
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Filter maturation is attained when the filter produces good quality water with low levels of 
turbidity and faecal coliforms. The filtration system that was set up in the field (Kaduna 
metropolis, Nigeria) took about ten days (middle of December, 2012) to reach maturation. 
The short time the filter took for maturation may be due the role of environmental factors 
such as sunshine and wind since the filter was not installed under any roofing or cover. As 
can be seen in Table 6-27 the filter was cleaned on 13 January, 2013. That was about VA 
months after the first operation of the filter. We believed that was good time for the filter to 
work since it was producing water on four different occasions daily. Filter cleaning was 
carried out through the processes of backwashing and scrapping described in chapter five.
In the above multi stage filtration system the sand filter was cleaned by employing both 
processes. It was first scrapped off a few centimetres and then backwashed. Filter operations 
resumed a day after the cleaning. The filter usually takes shorter time after cleaning to reach 
ripening (Sanchez et al., 2006). In the above filter it took about ten days to achieve that level 
of producing good quality effluent water with the expected low levels of turbidity and faecal 
coliforms.
After filter cleaning it took a few days (by 15 January, 2013) for the filter to resume 
operations with optimum and acceptable levels of turbidity and faecal coliforms. Normal, 
optimal operations continued until the next almost two months when the filter was again 
cleaned (backwashing and scrapping of sand) on 5 March, 2013.
6.10 Summary
The chapter presented the results and discussion of the data obtained from the field 
applications of multi-stage filtration system. The experimental programme was run in Kaduna 
Metropolis, Nigeria frorn December 2012 to March 2013.
The study area was delineated into five land use types namely- groundwater (domestic and 
commercial) and surface water (domestic, commercial and industrial) areas. These five land 
use types were further divided into four sampling sites each. Water samples were therefore.
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collected from the 20 sampling sites and analysed for drinking water quality parameters and 
trace elements.
The results showed that the pH levels for water collected at all sampling points were within 
the guideline limits of the regulatory agencies. Temperature levels reflected the ambient 
temperatures at the time of sampling and during filter runs. Clearly in Nigeria seasonal 
temperatures can vary from approximately 25 to 34 °C. Turbidity were reduced by the 
filtration process (average > 90%) at the ripened state of the filter. Similarly, faecal coliforms 
levels were also reduced ( average > 90% ) across all the filters. This is an encouraging 
feature of using the filter as preliminary findings of using the filter at the University of Surrey 
confirm that it is effective at reducing faecal coliform levels. From a health protective 
viewpoint this is important in providing quality' for the community in Nigeria and other 
areas in Africa and developing countries. However, for the filtered water to be completely fit 
for drinking it does require some form of post filtration treatment such chlorination or solar 
disinfection (SODIS).
The filtration process also showed the potential removal of trace elements by the filter, 
especially for Al, Mn, Fe and Zn. All of these elements consistently recorded lower 
concentrations in the filtered (produced) water than in the raw water. Whilst it is clear that the 
trace element concentrations are raised in groundwater from commercial areas, and to some 
degree in surface waters (commercial and industrial sites), they were below the guidelines for 
drinking water quality of the regulatory authorities. Encouragingly, the filter does reduce the 
elemental concentrations of the raw water but sand media selection, pre-treatment before use 
in the filter and maintenance of the filter over long periods are important factors to be looked 
at during the operation of the filter system.
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Chapter Seven
Summary, Conclusions, Comparison and 
Recommendations for Future Work
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7 Summary, Conclusion, Comparison and Recommendations for Future 
Work.
The aims of this research were:
(a) to assess the impact of anthropogenic (man-made) activities on the contamination 
of surface and groundwater sources (domestic, commercial, agricultural, industrial 
and refinery) in Kaduna Metropolis, Nigeria; and
(b) to devise point of use (POU) based strategies leading to the development and 
application of a multi stage filtration system that can provide potable water in Nigeria 
and other developing countries that lack access to cheap potable water on a 
sustainable basis.
The above aims have been successfully met through the development of a sampling 
programme for the assessment of water contamination in Kaduna Metropolis, Nigeria. The 
sampling programme was undertaken through the following phases (refer to chapter 3, 
section 3.3, Table 3-1).
(i) Phase one- Desktop studies- University of Surrey- January to April 2009 (chapter 3, 
section 3.3).
(ii) Phase two- Delineation of study area into sampling points and preliminary studies- May 
and June 2009.
(iii) Phase three- Detailed data collection studies (June to August 2010) and follow-up studies 
(March 2011) (refer to chapter 4).
(iv) Phase four- Design, construction and operation of multi stage filtration system both pilot 
scale in the University of Surrey and field application in Kaduna Metropolis, Nigeria (2012 to 
2013).
Physico-chemical parameters were measured using (i) a HANNA HI 961300 for the 
determination of pH, temperature, electrical conductivity (EC) and total dissolved solids 
(TDS); (ii) dissolved oxygen (DO) and biochemical oxygen demand (BOD) using HQ 40d 
DO meter; (iii) faecal coliforms using eosin methylene blue (EMB) agar and trace elements 
(As 75, Cd 111, Co 59, Cr 52, Cu 63, Fe 56, Mn 55, Mo 95, Pb 208, Sb 78, U238, V51, Zn 
66) levels in waters using inductively coupled plasma-mass spectrometry (ICP-MS).
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The design and construction of a multi stage filtration system was undertaken at the 
University of Surrey (section 3.4). The pilot scale studies of the multi stage system were run 
with the University lake water to assess the efficiency of the system in treating non-modified 
(raw) and with lake water modified with bentonite and kaolin as well as with M25 motorway 
stormwater sediments) sections 5.2, 5.3 and 5.4, respectively.
The tested filtration system was evaluated under in-situ field conditions at 20 sampling sites 
(representing five land use types: - groundwater- domestic and commercial and surface 
water- domestic, commercial and industrial) in Kaduna Metropolis, Nigeria.
7.1 Summary.
The study comprised the delineation of the study area into sampling points located at 
specified areas of the study area under different land use types which were -  domestic, 
commercial, agricultural industrial and refinery areas. Water samples were collected from the 
sample points and analysed for drinking water quality parameters using the various field 
based monitors and laboratory instruments described above.
The results of the water quality analysis were compared with the Guideline Limits of the 
World Health Organisation and Standards of the Nigerian Government. The results showed 
contamination of water sources, mostly of microbiological nature based on higher faecal 
coliform levels (refer to Tables 4-1 to 4-4). Domestic and commercial areas were found to be 
the most affected with the contamination of water mainly from the improper disposal of 
wastes from residences and commercial areas, such as markets and motor parks. This led to 
the second part of the research study (aim b above).
This was the design, construction and operation of a multi stage filtration system for the 
provision of potable water to residents who lack access to the city’s central water treatment 
and distribution plant. The filtration system was initially tried at a laboratory pilot scale 
(University of Surrey from February to November 2012). The multi stage filtration system 
was then operated at the field in Kaduna metropolis, Nigeria from December 2012 to March 
2013. The system was run with raw water from both surface and groundwater sources 
collected from domestic, commercial and industrial areas.
The results from the multi stage filtration showed that the filter is effective at removing 
turbidity levels in various sources of raw water to the Guideline Limits of the World Health
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Organisation (WHO) and the Standards of Nigerian Government but. However, the turbidity 
levels post-filtration were slightly higher than the standards of most of the advanced 
industrialised countries (refer to Table 2-3).
The filter system resulted in reduced levels of dissolved oxygen (DO) and increased levels of 
electrical conductivity (EC) and total dissolved solid (TDS) (refer to Tables in chapters 5 and 
6). The reasons for the former may be due to metabolic reactions that used up dissolved 
oxygen (Elliot et aA, 2011) while leaching of the sand media may account for the latter.
The filtration system produced water that is not completely free of bacteria but is nevertheless 
of improved quality over raw water sources. The filter was also able to remove some trace 
elements especially Al, Fe and Mn fi*om the raw water. However, for all water samples the 
trace elements levels were suprisingly low, showing limited elemental contamination of 
surface and groundwater at the selected sites.
The filter can operate for about 2 - 4  months depending on the contamination of the influent 
raw water before the requirement for filter cleaning to ensure the filter resumes its optimum 
efficiency to remove contaminants (refer to section 6.6, Table 6-8).
Table 7-1 Contaminants Removal of Multi-Stage Filtration (MSF) System- Laboratory scale 
Experiments- University of Surrey, Guildford, UK.
Sample pH Temp EC TDS DO BOD Turbi
dity
FC TEs
Lake water 
(non modified)
1 1 1 1 2 3 3 3 3-Al, 
Mn 
& Fe
Lake water 
modified with 
bentonite & 
kaolin
1 1 1 1 2 3 3 3 3-Al,
Mn
& Fe
Lake water 
modified with 
M25 storm 
water and 
metal swarfs
1 1 1 1 2 3 3 3 3-Al,
Mn
& Fe
Key- EC- electrical conductivity, TDS- total dissolved solids, DO- dissolved oxygen, BOD- biochemical 
oxygen demand, FC- faecal coliforms, TEs- trace elements, 1- within drinking water guidelines, 2- reduced 
negatively by the filter, 3- removed by the filter
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Table 7-2 Contaminants Removal of Multi-Stage Filtration (MSF) System- Field Applications, 
Kaduna Metropolis, Nigeria
Sample pH Temp EC TDS DO BOD Turbi
dity
FC TEs
DMGW 1 1 1 1 2 3 3 3 3-Al,
Mn
&Fe
CMGW 1 1 1 1 2 3 3 3 3-Al,
Mn
&Fe
DMSW 1 1 1 1 2 3 3 3 3-Al,
Mn
&Fe
CMSW 1 1 1 1 2 3 3 3 3-Al,
Mn
& Fe
INSW 1 1 1 1 2 3 3 3 3-Al,
Mn
&Fe
Key-
DMGW- domestic areas groundwater, CMGW- commercial areas groundwater, DMSW- domestic 
areas surface water, CMSW- commercial areas surface water, ESfSW- industrial areas surface water,
EC- electrical conductivity, TDS- total dissolved solids, DO- dissolved oxygen, BOD- biochemical 
oxygen demand, FC- faecal coliforms, TEs- trace elements,
1- within drinking water guidelines, 2- reduced negatively by the filter, 3- removed by the filter
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Table 7-3 General Performance of Multi- Stage Filtration (MSF) System
Strengths Weaknesses
(1) good for low income earners (1) not able to produce potable water free of 
contaminants
(2) can be operated by people with no 
education
(2) difficult to establish media free of 
contaminants prior to operation
(3) uses locally available materials (3) difficult to establish media free of 
contaminants after cleaning
(4) no running costs (4) low dissolved oxygen in filtered water
(5) requires no energy (5) possible contamination by children, 
animals and avian droppings
(6) produces water low in pathogens and 
turbidity
(7) 3-4 months operation prior to cleaning
(8) fit for purpose
7.2 Comparison with Previous Studies in Nigeria
Chapter one, Table 1-3 reported data for previous studies undertaken in Nigeria. Prior to this 
research only one publication has reported data relating to Kaduna Metropolis (Kendirim, 
2005). Another study was undertaken at Zaria, Kaduna State, a distance of about 80 
kilometres from this study area (Agbobu et al., 2006) while another was conducted in Kano 
Metropolis, a distance of about 220 kilometres away (Akan et al., 2009).
In summary, previous studies in Nigeria focussed on:
(i) Industrial effluents (Yusuf (2007) TDS and trace elements; Ejechi et al., 2007; Nduka and 
Orisakwe, 2009 and Arimoro et al., 2009) trace elements;
(ii) Landfill leachates (Adeyemi et al, 2007; BOD, COD, Ecoli, Shigella sp., Salmonella sp.
(iii) Physico-chemical parameters (Kendirim, 2005; Arimoro et al., 2009, Adefemi et al.,
2007).
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(iv) Microbiological parameters (Adekunle et al., 2007; Ejechi et al., 2007 faecal coliforms; 
Adeyemi et al., 2007 Shigella sp. Salmonella sp).
(v) Trace elements (Asubiojo et al., 1997; Osibanjo and Adie, 2007 and Adebowale et al,
2008).
This research provides for the first time comprehensive data for Kaduna Metropolis. 
Kendirim, 2005, reported on data from the Kangimi reservoir which supplies the raw water 
for the Metropolis Water Treatment Plant. However, this research work focuses on point of 
use (POU) water treatment system for people who are outside the central water treatment and 
distribution network.
7.3 Conclusions.
The research study was able to draw the following conclusions:
• the contamination of surface and groundwater sources were principally due to 
anthropogenic (man-made) activities;
• domestic and commercial areas were found to be most contaminated compared 
to other land use types and surface water was more contaminated than 
groundwater sources due to easy mixing of the former whilst the latter is 
protected by the soil profile;
• the main contaminants were of microbiological nature with faecal coliform 
levels above the Guideline Limits of the World Health Organisation (WHO) 
all sampling points;
• the multi stage filtration system, both at the laboratory pilot scale and in the 
field confirmed the removal of turbidity and faecal coliforms from different 
raw surface water and groundwater sources. The filter was also able to 
remove Al, Fe and Mn from raw water especially for industrial and 
commercial sites.
• the filter produced water of fairly acceptable quality which can be made 
completely potable with the addition of chlorine or any post filtration 
treatment such as solar disinfection (SODIS).
163
7.4 Recommendations for future work.
(1) One of the drawbacks of the multi stage filtration system is dissolved oxygen depletion in 
the filtered water compared to the raw water. This is usually caused by metabolic reactions 
leading to protease production. It is recommended that a study should look into how the 
dissolved oxygen in filtered water could be aerated without making the system unwieldy and 
cumbersome to operate especially taking into cognisance the target population made up of 
people mainly poor and uneducated in developing countries.
(2) The results clearly show for some water types there is still a need for post-filtration 
treatment, especially for bacteria and turbidity. A study should include the addition of a post­
filter; such as the introduction of a settling tank in order to further lower down turbidity levels 
and also the addition of ‘tablet’ for disinfection for killing any residual microbes in the 
filtered water. A study on how to further stop re-contamination after treatment will also be 
worthwhile.
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A ppendix A - Raw and statistical an a lyses data
(1) Groundwater samples -  June and July 2009
GWSPs June,2009 July, 2009
Parameter mean st. dev mean st. dev
pH 6.39 0.97 5.93 0.80
T em p[°C ] 26.76 0.52 27.44 1.14
EC [pS/cm] 466.88 348.86 482.75 335.70
TDS [mg/L] 338.13 301.23 322.94 278.09
DO [mg/L] 2.56 1.09 2.90 1.49
BOD [mg/L] 26.08 44.75 16.67 23.38
TC [cWmL] 49.75 33.87 71.00 45.53
FC [cfu/lOOmL] 13.75 11.99 51.88 83.69
Pb [mg/L] 0.27 0.37 0.05 0.09
O&G [mg/L] 0.40 0.32 0.49 0.31
(2) Surface water sample points - 2009
SWSPs June2009 July, 2009
Parameter mean st. dev mean st. dev
pH 6.80 0.60 7.00 0.55
T em p[°C ] 27.25 1.86 26.55 2.72
EC [pS/cm] 307.13 209.00 224.38 144.01
TDS [mg/L] 243.75 167.84 123.33 124.24
DO [mg/L] 2.87 1.02 2.47 1.62
BOD [mg/L] 173.68 218.96 156.48 183.86
TC [cfu/mL] 77.75 59.59 86.75 48.73
FC [cfii/lOOmL] 11.25 11.90 21.25 39.88
Pb [mg/L] 0.25 0.50 0.02 0.04
O&G [mg/L] 0.83 0.38 1.03 0.50
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(5) Groundwater and tap water sample points - 2011
GWSPs DMGW 1-10 SPs AG/GW 1- 5 SPs CR/GW 1- 3 SPs DMTW 1-10 SPs
Parameter mean st. dev mean st. dev mean st. dev mean st. dev
pH 5.85 0.93 6.59 0.16 7.11 0.24 6.70 0.31
T em p[“ C] 26.65 2.50 26.18 0.86 31.33 1.77 26.24 2.65
EC fiiS/cm] 356.30 216.74 282.00 57.62 636.67 248.26 180.00 58.88
TDS [mg/L] 274.00 213.19 152.00 29.50 356.67 140.12 94.00 34.38
V rug/L) 0.07 0.11 0.16 0.11 1.56 2.02 0.27 0.20
Cr [ug/L] 0.16 0.36 0.05 0.01 0.09 0,10 -0.01 0.01
Mn [gg/L] 61.19 179.82 0.55 0.26 7.41 8.05 0.71 1.47
Fe [gg/L] -0.56 0.52 1.56 1.73 23.68 40.50 -1.01 0.10
Co fgg/L] 0.69 2.00 0.11 0.12 0.08 0.11 0.03 0.01
Ni [gg/L] 1.20 2.97 0.40 0.29 2.14 2.71 0.18 0.08
Cu [gg/L] 0.23 0.20 0.58 0.27 0.50 0.58 0.70 1.08
Zn [gg/L] 7.83 12.04 1.47 1.22 5.27 2.71 18.21 19.13
As [gg/L] 0.10 0.18 0.20 0.05 0.08 0.06 0.13 0.06
Se [gg/L] 0.35 1.01 0.00 0.01 0.01 0.04 0.00 0.02
Mo [gg/L] -0.08 0.13 0.07 0.15 0.04 0.37 -0.02 0.14
Pb [gg/L] 0.04 0.07 -0.01 0.00 0.00 0.01 0.01 0.05
(6) Surface water sample points - 2011
SWSPs DMSW 1-10 SPs INSW 1-60 SPs RASW 1-12 SPs CR/SW 1-4 SPs
Parameter mean st. dev mean st. dev mean st. dev mean st. dev
pH 7.38 0.51 7.49 0.71 7.27 0.95 6.28 0.57
T em p[°C ] 27.72 2.32 27.13 1.97 23.48 1.95 26.43 0.62
EC [gS/cm] 329.00 17.92 395.73 309.05 741.67 83.54 337.75 264.59
TDS [mg/L] 179.00 11.97 253.39 275.18 425.00 55.84 182.63 148.63
V[gg/L) 0.34 0.06 0.35 0.55 1.02 0.58 0.25 0.07
Cr[gg/L] 0.04 0.02 0.04 0.07 0.04 0.03 0.03 0.03
Mn [gg/L] 0.42 0.35 23.42 62.46 4.51 5.71 0.27 0.19
Fe [gg/L] 0.67 0.90 2.16 4.24 10.24 8.22 -0.57 0.52
Co [gg/L] 0.09 0.02 0.15 0.21 0.05 0.03 0.35 0.22
Ni [gg/L] 0.52 0.14 37.14 281.93 0.73 0.19 0.83 0.43
Cu [gg/L] 0.46 0.24 0.45 0.48 0.21 0.16 0.44 0.25
Zn [gg/L] 2.87 2.91 2.00 1.86 16.96 8.67 4.62 4.40
As [gg/L] 0.24 0.07 0.30 0.22 0.30 0.15 0.32 0.10
Se [gg/L] 0.01 0.02 0.02 0.05 0.01 0.02 0.00 0.01
Mo [gg/L] 0.15 0.06 0.27 0.63 0.67 0.47 0.16 0.60
Pb [gg/L] 0.00 0.00 -0.01 0.01 0.05 0.05 -0.01 0.01
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(7) Laboratory Pilot Scale multi stage filtration experiments 
i- Average pH values
Average pH
2012 RW PI P2 FW
%
Change
13/02/2012 8.1 8.1 8.1 7.9 2%
14/02/2012 8.4 8.3 8.3 8.2 2%
15/02/2012 8.5 8.5 8.5 8.1 4%
16/02/2012 8.4 8.4 8.5 8.3 2%
17/02/2012 8.4 8.5 8.5 8.2 2%
20/02/2012 8.5 8.6 8.7 8.3 1%
21/02/2012 8.7 8.7 8.7 8.4 3%
22/02/2012 8.7 8.7 8.6 8.4 3%
23/02/2012 8.7 8.7 8.7 8.5 2%
24/02/2012 8.7 8.7 8.6 8.4 3%
08/03/2012 9.3 8.9 8.7 8.9 4%
09/03/2012 9.2 9.0 8.7 8.6 7%
13/03/2012 9.2 8.9 8.6 8.4 10%
14/03/2012 8.9 8.9 8.8 8.6 4%
15/03/2012 9.1 8.6 8.5 8.7 4%
16/03/2012 9.0 8.6 8.4 8.6 4%
19/03/2012 9.3 8.7 8.6 8.4 9%
20/03/2012 9.1 8.6 8.4 8.3 9%
21/03/2012 9.3 8.6 8.6 8.5 8%
22/03/2012 9.2 8.7 8.5 8.4 9%
23/03/2012 9.3 8.5 8.4 8.3 10%
26/03/2012 9.3 8.6 8.5 8.6 7%
27/03/2012 9.1 8.4 8.3 8.2 10%
28/03/2012 9.2 8.5 8.5 8.4 9%
29/03/2012 8.9 8.5 8.4 8.6 3%
30/03/2012 9.1 8.8 8.4 8.3 9%
16/04/2012 9.3 9.2 9.2 8.9 4%
17/04/2012 9.2 9.2 9.1 8.6 7%
18/04/2012 9.0 8.9 8.8 8.4 7%
19/04/2012 8.9 8.9 8.8 8.3 7%
20/04/2012 9.2 9.2 8.9 8.6 7%
23/04/2012 8.9 8.8 8.5 8.3 7%
24/04/2012 9.5 9.4 9.4 8.7 9%
25/04/2012 9.4 9.4 9.2 8.6 9%
26/04/2012 9.3 9.2 9.1 8.7 6%
27/04/2012 9.4 9.2 9.2 8.5 10%
30/04/2012 9.3 9.1 9.1 8.7 7%
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ii - Average pH values
Average pH
2012 RW PI P2 FW
%
Change
01/05/2012 9.3 9.1 9.0 8.6 7%
02/05/2012 9.4 9.2 8.6 8.3 12%
03/05/2012 9.2 9.1 8.5 8.2 11%
04/05/2012 9.3 9.2 8.7 8.4 10%
07/05/2012 9.4 9.3 8.5 8.4 10%
08/05/2012 9.4 9.3 8.6 8.2 13%
09/05/2012 9.5 9.3 8.7 8.4 12%
10/05/2012 9.2 9.2 8.7 8.5 8%
11/05/2012 9.5 9.3 9.0 8.5 10%
14/05/2012 9.4 9.3 9.1 8.9 6%
15/05/2012 9.7 9.4 9.1 8.7 10%
16/05/2012 9.2 9.1 8.7 8.4 9%
17/05/2012 9.1 8.7 8.7 8.5 7%
18/05/2012 9.2 9.0 8.7 8.5 8%
21/05/2012 9.4 9.1 8.7 8.6 9%
22/05/2012 9.4 9.2 8.5 8.3 11%
23/05/2012 9.0 8.7 8.5 8.3 7%
24/05/2012 8.7 8.6 8.3 8.2 5%
25/05/2012 9.4 9.3 8.8 8.4 11%
28/05/2012 9.3 9.1 8.7 8.3 11%
29/05/2012 9.5 9.3 8.7 8.5 10%
30/05/2012 9.4 9.2 9.1 8.7 8%
01/06/2012 8.5 8.4 8.4 8.3 2%
02/06/2012 8.4 8.4 8.3 8.3 2%
05/06/2012 9.1 9.0 8.9 8.6 6%
06/06/2012 8.7 8.6 8.4 8.3 4%
07/06/2012 8.9 8.6 8.6 8.4 6%
08/06/2012 8.5 8.4 8.4 8.3 3%
09/06/2012 8.8 8.7 8.6 8.4 4%
12/06/2012 8.8 8.7 8.6 8.4 4%
13/06/2012 8.8 8.7 8.7 8.5 3%
14/06/2012 8.9 8.8 8.6 8.5 5%
15/06/2012 9.1 9.0 8.9 8.7 5%
16/06/2012 9.1 9.1 8.7 8.7 5%
19/06/2012 9.2 9.1 8.9 8.9 3%
20/06/2012 9.2 9.1 9.0 8.8 4%
21/06/2012 7.8 7.7 7.9 8.2 -5%
22/06/2012 7.9 7.8 7.7 7.6 4%
28/11/2012 8.4 8.3 8.4 8.2 2%
29/11/2012 8.3 8.4 8.4 8.2 2%
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iii - Average temperature values
Average Temperature (°C)
2012 RW PI P2 FW
%
Change
13/02/2012 18.9 19.4 18.7 . 18.9 0%
14/02/2012 19.2 19.7 19.5 19.5 -1%
15/02/2012 19.7 19.7 19.6 19.8 0%
16/02/2012 20.3 20.1 19.9 20.2 0%
17/02/2012 20.9 20.6 20.6 20.7 1%
20/02/2012 20.6 19.9 19.8 20.4 1%
21/02/2012 20.7 20.1 20.0 20.5 1%
22/02/2012 21.1 20.4 19.8 20.0 5%
23/02/2012 21.1 21.1 21.1 20.4 3%
24/02/2012 21.1 21.1 21.1 21.1 0%
08/03/2012 12.2 17.4 20.5 21.0 -72%
09/03/2012 13.4 16.0 15.8 15.9 -19%
13/03/2012 12.7 16.3 21.4 22.2 -74%
14/03/2012 17.3 15.7 18.7 18.5 -7%
15/03/2012 15.0 20.8 21.4 21.6 -44%
16/03/2012 15.2 17.2 17.4 18.2 -19%
19/03/2012 14.3 15.6 20.2 20.9 -46%
20/03/2012 12.6 14.7 20.9 21.1 -68%
21/03/2012 14.3 21.2 21.4 22.1 -54%
22/03/2012 17.5 18.4 20.3 21.2 -21%
23/03/2012 15.3 21.6 21.8 22.4 -46%
26/03/2012 16.4 20.7 21.4 20.7 -26%
27/03/2012 17.2 20.1 21.2 21.7 -26%
28/03/2012 18.1 19.3 21.2 21.7 -20%
29/03/2012 18.5 19.4 21.1 21.4 -16%
30/03/2012 20.7 21.1 21.7 21.7 -5%
16/04/2012 16.1 15.9 16.2 15.7 2%
17/04/2012 15.5 15.2 15.6 15.8 -2%
18/04/2012 17.4 17.3 18.1 20.7 -19%
19/04/2012 16.0 16.5 17.0 22.6 -42%
20/04/2012 15.8 15.9 16.3 16.7 -5%
23/04/2012 16.1 16.7 17.1 17.8 -11%
24/04/2012 17.9 17.3 17.6 20.5 -14%
25/04/2012 16.5 16.0 16.8 21.1 -28%
26/04/2012 17.3 16.9 16.8 17.3 0%
27/04/2012 18.5 18.4 18.5 19.2 -4%
30/04/2012 20.1 21.1 21.2 22.0 -9%
194
iv - Average temperature values
Average Temperature (°C)
2012 RW PI P2 FW
%
Change
01/05/2012 20.2 20.1 21.3 21.2 -5%
02/05/2012 22.2 22.4 22.2 22.2 0%
03/05/2012 22.1 22.3 22.4 22.7 -3%
04/05/2012 22.4 22.4 23.1 23.3 -4%
07/05/2012 23.1 23.2 23.3 23.5 -2%
08/05/2012 22.1 22.3 22.5 22.7 -3%
09/05/2012 22.5 22.5 22.6 23.1 -3%
10/05/2012 22.7 22.8 23.2 23.7 A%
11/05/2012 22.8 22.9 23.2 23.6 -3%
14/05/2012 22.6 22.7 23.1 23.7 -5%
15/05/2012 23.1 23.1 23.4 23.8 -3%
16/05/2012 23.5 23.7 23.4 23.8 -1%
17/05/2012 24.2 23.1 21.4 22.0 9%
18/05/2012 24.4 24.6 24.1 24.0 1%
21/05/2012 24.1 24.3 24.1 24.0 1%
22/05/2012 22.3 22.2 22.1 22.8 -2%
23/05/2012 22.3 22.2 22.7 22.7 -2%
24/05/2012 21.8 21.5 21.7 22.1 -1%
25/05/2012 22.1 22.3 22.4 22.5 -2%
28/05/2012 21.3 21.4 22.1 22.5 -6%
29/05/2012 23.4 23.5 23.7 23.7 -1%
30/05/2012 23.4 23.7 23.7 23.8 -2%
01/06/2012 23.4 23.3 23.4 23.7 -1%
02/06/2012 23.5 23.7 23.2 23.7 -1%
05/06/2012 22.1 22.4 22.5 22.6 -2%
06/06/2012 22.3 22.4 23.0 23.5 -6%
07/06/2012 22.7 22.8 23.3 23.7 -5%
08/06/2012 22.1 22.3 22.7 22.9 -3%
09/06/2012 23.5 23.7 23.8 24.1 -3%
12/06/2012 23.1 23.5 23.7 23.2 0%
13/06/2012 23.4 23.6 23.9 24.1 -3%
14/06/2012 22.3 22.5 22.7 23.1
15/06/2012 22.5 23.5 24.1 24.3 -8%
16/06/2012 23.1 23.3 23.5 23.8 -3%
19/06/2012 23.1 23.4 23.7 23.9 -3%
20/06/2012 23.5 23.4 23.5 23.7 -1%
21/06/2012 21.4 21.6 22.5 23.1 -8%
22/06/2012 21.3 21.4 21.8 22.2 -4%
28/11/2012 14.4 16.9 17.6 20.4 -42%
29/11/2012 15.6 16.6 18.4 19.5 -25%
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V- Average electrical conductivity values
Average Electrical conductivity (pS/cm)
2012 RW PI P2 FW
%
Change
13/02/2012 527.8 307.5 469.3 564.0 -7%
14/02/2012 390.5 243.5 285.5 528.5 -35%
15/02/2012 538.8 537.3 539.0 551.8 -2%
16/02/2012 343.0 447.0 533.8 456.5 -33%
17/02/2012 519.5 535.0 542.5 550.0 -6%
20/02/2012 475.5 467.0 528.5 513.3 -8%
21/02/2012 521.0 511.8 528.0 550.3 -6%
22/02/2012 522.5 511.5 530.0 552.5 -6%
23/02/2012 523.0 512.3 532.5 559.0 -7%
24/02/2012 114.5 578.5 392.3 599.3 -423%
08/03/2012 452.0 611.3 299.0 635.8 -41%
09/03/2012 332.5 469.8 658.8 678.5 -104%
13/03/2012 259.8 461.8 633.5 663.0 -155%
14/03/2012 623.8 582.0 646.5 672.0 -8%
15/03/2012 621.3 513.5 612.3 651.8 -5%
16/03/2012 427.3 670.3 688.0 683.0 -60%
19/03/2012 454.8 592.3 673.8 694.5 -53%
20/03/2012 262.3 313.8 524.3 680.8 -160%
21/03/2012 348.8 370.5 502.5 676.3 -94%
22/03/2012 604.0 642.5 656.3 669.5 -11%
23/03/2012 315.5 684.8 659.3 705.8 -124%
26/03/2012 328.5 569.3 630.3 697.3 -112%
27/03/2012 348.0 593.3 596.8 713.3 -105%
28/03/2012 629.3 651.5 685.8 703.0 -12%
29/03/2012 642.5 671.5 694.0 714.3 -11%
30/03/2012 594.3 505.0 597.3 621.0 -5%
16/04/2012 586.8 601.8 573.0 635.3 -8%
17/04/2012 371.0 512.8 557.0 489.8 -32%
18/04/2012 431.0 607.3 591.0 548.0 -27%
19/04/2012 381.0 402.0 491.5 528.0 -39%
20/04/2012 419.5 435.3 362.0 543.3 -29%
23/04/2012 511.8 566.3 569.3 665.8 -30%
24/04/2012 262.5 116.8 219.8 555.3 -112%
25/04/2012 350.3 292.5 449.8 562.0 -60%
26/04/2012 306.3 261.8 407.8 497.0 -62%
27/04/2012 447.3 414.8 529.5 568.0 -27%
30/04/2012 465.5 442.5 512.3 552.3 -19%
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vi - Average electrical conductivity values
Average Electrical conductivity (pS/cm)
2012 RW PI P2 FW
%
Change
01/05/2012 449.8 416.5 495.5 521.8 -16%
02/05/2012 470.0 415.5 512.8 570.8 -21%
03/05/2012 434.3 423.8 475.3 526.0 -21%
04/05/2012 450.3 428.5 490.8 558.8 -24%
07/05/2012 453.3 429.8 512.8 564.3 -24%
08/05/2012 468.3 424.0 531.0 572.0 -22%
09/05/2012 492.3 450.8 511.3 561.0 -14%
10/05/2012 511.5 505.3 528.3 549.3 -7%
11/05/2012 468.0 441.8 502.5 518.5 -11%
14/05/2012 491.3 477.5 526.5 576.8 -17%
15/05/2012 481.8 519.0 516.5 586.8 -22%
16/05/2012 525.8 581.0 630.5 723.0 -38%
17/05/2012 509.8 524.8 593.3 609.8 -20%
18/05/2012 512.8 523.0 526.3 551.5 -8%
21/05/2012 494.5 502.5 511.5 520.5 -5%
22/05/2012 486.5 492.5 512.0 559.0 -15%
23/05/2012 511.5 494.8 521.8 565.8 -11%
24/05/2012 494.3 452.0 473.0 490.8 1%
25/05/2012 454.5 466.3 501.3 523.3 -15%
28/05/2012 572.0 553.3 563.3 572.8 0%
29/05/2012 526.0 493.0 547.8 580.3 -10%
30/05/2012 487.5 481.0 499.3 509.8 -5%
01/06/2012 511.0 483.3 517.5 539.5 -6%
02/06/2012 461.3 445.8 493.8 503.3 -9%
05/06/2012 458.5 433.5 462.5 473.5 -3%
06/06/2012 418.5 408.0 423.3 434.5 -4%
07/06/2012 411.8 391.5 420.0 435.5 -6%
08/06/2012 490.0 462.3 501.8 512.3 -5%
09/06/2012 475.8 455.0 481.5 485.0 -2%
12/06/2012 494.8 464.3 472.3 481.8 3%
13/06/2012 502.8 491.8 509.8 514.0 -2%
14/06/2012 465.0 454.5 472.3 481.3 -3%
15/06/2012 472.8 459.5 492.3 519.0 -10%
16/06/2012 496.5 503.0 511.0 521.5 -5%
19/06/2012 506.3 496.3 510.5 518.5 -2%
20/06/2012 657.0 649.3 671.8 861.8 -31%
21/06/2012 610.3 591.5 601.0 618.0 -1%
22/06/2012 578.8 571.5 579.5 689.8 -19%
28/11/2012 458.0 481.8 460.8 491.0 -7%
29/11/2012 476.0 456.0 443.0 407.0 14%
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vii- Average total dissolved solids values
Average Total dissolved solids (mg/L)
2012 RW PI P2 FW
%
Change
13/02/2012 263.3 163.3 230.3 283.0 -8%
14/02/2012 219.5 121.5 157.5 276.5 -26%
15/02/2012 268.3 268.8 269.8 277.0 -3%
16/02/2012 168.8 223.8 266.3 228.0 -35%
17/02/2012 202.3 231.0 265.5 276.0 -36%
20/02/2012 259.8 263.5 270.5 274.8 -6%
21/02/2012 237.8 233.0 264.3 229.5 3%
22/02/2012 262.8 257.0 264.5 269.3 -2%
23/02/2012 264.0 272.0 263.0 266.3 -1%
24/02/2012 57.0 288.3 171.0 299.3 .425%
08/03/2012 225.0 319.8 148.5 319.8 -42%
09/03/2012 162.8 236.0 329.3 339.0 -108%
13/03/2012 129.5 223.0 316.5 334.8 -158%
14/03/2012 311.3 291.0 323.3 336.3 -8%
15/03/2012 311.3 255.3 308.5 327.0 -5%
16/03/2012 214.0 336.3 342.8 340.3 -59%
19/03/2012 237.0 321.0 344.3 354.3 -49%
20/03/2012 127.5 157.0 261.3 339.5 -166%
21/03/2012 175.8 189.5 248.5 344.3 -96%
22/03/2012 302.8 320.8 327.8 334.8 -11%
23/03/2012 162.8 342.5 331.3 353.0 -117%
26/03/2012 178.5 255.8 333.8 346.8 -94%
27/03/2012 176.5 350.3 327.3 362.5 -105%
28/03/2012 314.5 325.8 342.0 351.0 -12%
29/03/2012 326.8 341.0 365.3 373.8 -14%
30/03/2012 296.5 253.3 297.5 312.3 -5%
16/04/2012 283.5 300.0 263.5 324.0 -14%
17/04/2012 185.3 256.0 278.0 244.5 -32%
18/04/2012 215.8 303.0 297.8 273.8 -27%
19/04/2012 206.5 221.8 271.0 304.3 -47%
20/04/2012 219.3 232.0 166.5 323.0 -47%
23/04/2012 241.5 282.8 284.5 333.0 -38%
24/04/2012 91.5 58.5 109.3 297.5 -225%
25/04/2012 147.5 149.3 209.5 310.3 -110%
26/04/2012 149.0 132.0 204.0 253.3 -70%
27/04/2012 204.8 192.8 230.3 239.0 -17%
30/04/2012 189.3 181.8 212.0 223.5 -18%
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viii- Average total dissolved solids values
Average Total dissolved solids (mg/L)
2012 RW PI P2 FW
%
Change
01/05/2012 181.5 165.5 195.5 210.0 -16%
02/05/2012 200.3 162.8 230.8 251.0 -25%
03/05/2012 175.5 162.0 208.3 226.8 -29%
04/05/2012 181.5 177.5 224.0 241.5 -33%
07/05/2012 194.8 183.3 221.8 241.5 -24%
08/05/2012 160.8 152.0 235.5 312.3 -94%
09/05/2012 210.8 206.3 221.5 239.5 -14%
10/05/2012 231.5 214.8 269.8 290.5 -25%
11/05/2012 209.0 198.0 223.5 239.5 -15%
14/05/2012 223.5 213.5 232.8 239.0 -7%
15/05/2012 229.3 265.0 241.3 302.0 -32%
16/05/2012 261.0 289.5 315.3 342.8 -31%
17/05/2012 219.0 238.3 252.8 269.5 -23%
18/05/2012 231.0 242.8 247.0 267.0 -16%
21/05/2012 210.3 213.5 211.8 225.3 -7%
22/05/2012 192.5 204.0 222.8 259.5 -35%
23/05/2012 215.0 190.0 227.5 254.5 -18%
24/05/2012 191.3 170.5 192.0 204.0 -7%
25/05/2012 164.3 175.0 191.0 200.8 -22%
28/05/2012 241.8 231.3 241.8 255.5 -6%
29/05/2012 223.3 203.8 235.0 258.0 -16%
30/05/2012 177.3 170.8 201.8 209.0 -18%
01/06/2012 210.5 208.0 224.3 259.3 -23%
02/06/2012 186.5 176.3 195.5 213.5 -14%
05/06/2012 162.5 141.8 172.3 184.8 -14%
06/06/2012 224.0 208.8 227.3 229.5 -2%
07/06/2012 209.5 192.3 220.5 233.8 -12%
08/06/2012 184.0 172.5 211.3 221.5 -20%
09/06/2012 164.5 151.3 171.5 176.3 -7%
12/06/2012 182.0 174.5 181.5 191.3 -5%
13/06/2012 201.0 192.8 204.8 211.0 -5%
14/06/2012 152.5 145.8 150.5 158.5 -4%
15/06/2012 163.0 149.8 187.8 220.5 -35%
16/06/2012 170.8 176.0 196.5 204.3 -20%
19/06/2012 195.3 182.8 207.5 215.5 -10%
20/06/2012 328.3 324.8 335.8 430.8 -31%
21/06/2012 308.0 295.5 302.5 312.0 -1%
22/06/2012 288.8 285.0 290.3 344.5 -19%
28/11/2012 229.0 241.3 240.3 245.8 -7%
29/11/2012 234.0 227.0 218.0 211.0 10%
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xi- Average dissolved oxygen values
Average Dissolved oxygen (mg/L)
2012 RW PI P2 FW
%
Change
13/02/2012 10.4 8.2 8.5 4.9 53%
14/02/2012 8.4 8.3 8.2 6.7 19%
15/02/2012 8.0 8.1 8.4 3.4 58%
16/02/2012 7.9 7.7 8.0 4.3 46%
17/02/2012 10.4 8.4 5.3 3.1 70%
20/02/2012 11.2 8.4 6.6 3.3 70%
21/02/2012 12.5 9.2 5.7 2.3 82%
22/02/2012 12.2 10.1 6.2 2.3 81%
23/02/2012 11.0 9.9 6.7 3.7 66%
24/02/2012 12.3 10.7 7.9 4.5 63%
08/03/2012 12.1 11.0 10.0 3.8 69%
09/03/2012 13.0 11.1 11.0 4.1 68%
13/03/2012 12.3 5.4 5.8 4.9 60%
14/03/2012 12.3 11.0 6.2 5.0 59%
15/03/2012 10.8 5.0 5.2 4.6 57%
16/03/2012 11.3 5.6 6.1 7.4 35%
19/03/2012 13.0 9.2 7.1 5.6 57%
20/03/2012 12.7 8.6 6.7 5.6 56%
21/03/2012 9.1 6.8 5.9 7.1 22%
22/03/2012 10.5 7.1 6.7 5.8 45%
23/03/2012 11.1 10.7 10.4 9.7 12%
26/03/2012 10.9 10.0 10.2 8.9 18%
27/03/2012 9.3 9.4 8.6 8.7 7%
28/03/2012 9.8 9.8 9.2 5.6 43%
29/03/2012 10.0 9.1 8.7 7.4 26%
30/03/2012 10.5 9.9 8.5 6.7 36%
16/04/2012 12.0 12.6 11.6 6.7 44%
17/04/2012 10.5 10.7 10.0 4.5 57%
18/04/2012 9.9 10.1 9.9 5.6 44%
19/04/2012 10.2 10.3 9.7 4.5 56%
20/04/2012 10.3 10.0 9.6 5.2 49%
23/04/2012 10.2 9.5 9.4 5.0 51%
24/04/2012 9.9 9.2 8.5 4.9 50%
25/04/2012 10.5 9.5 7.7 4.4 58%
26/04/2012 9.6 9.2 8.6 7.7 20%
27/04/2012 8.8 7.7 8.5 5.5 37%
30/04/2012 10.2 9.5 9.1 4.5 56%
2 0 0
X- Average dissolved oxygen values
Average Dissolved oxygen (mg/L)
2012 RW PI P2 FW
%
Change
01/05/2012 10.0 8.5 9.5 8.5 15%
02/05/2012 10.5 9.5 9.9 8.9 15%
03/05/2012 10.2 10.1 9.1 8.7 15%
04/05/2012 10.1 9.2 9.6 8.9 12%
07/05/2012 9.6 9.2 8.7 8.5 11%
08/05/2012 9.8 9.9 9.7 8.5 13%
09/05/2012 8.4 7.2 7.3 5.8 31%
10/05/2012 9.3 8.2 8.0 6.0 35%
11/05/2012 9.3 8.4 7.5 6.4 31%
14/05/2012 10.2 9.1 7.6 7.2 29%
15/05/2012 10.2 9.8 8.7 7.4 28%
16/05/2012 10.3 9.3 7.6 7.2 30%
17/05/2012 10.7 9.3 8.0 5.6 48%
18/05/2012 9.9 9.1 8.9 7.9 20%
21/05/2012 9.3 9.5 9.5 8.5 9%
22/05/2012 10.1 10.0 8.9 7.7 23%
23/05/2012 10.0 9.5 9.1 7.3 27%
24/05/2012 10.1 10.0 10.1 7.4 27%
25/05/2012 9.5 9.5 10.1 7.2 25%
28/05/2012 9.6 9.1 9.1 8.3 13%
29/05/2012 10.5 10.3 10.3 8.1 23%
30/05/2012 10.3 10.2 10.1 8.9 14%
01/06/2012 10.4 10.3 10.2 8.3 20%
02/06/2012 9.9 9.6 9.5 7.7 22%
05/06/2012 10.3 10.2 9.9 8.0 22%
06/06/2012 9.9 9.7 9.6 7.4 26%
07/06/2012 10.3 10.0 9.3 8.3 19%
08/06/2012 9.6 9.4 9.3 7.9 17%
09/06/2012 9.9 9.9 9.5 8.0 19%
12/06/2012 10.3 10.1 9.1 8.1 22%
13/06/2012 5.3 3.6 4.9 3.5 33%
14/06/2012 8.0 6.3 5.0 4.0 50%
15/06/2012 8.0 7.4 6.3 2.3 72%
16/06/2012 9.1 9.1 8.9 6.0 35%
19/06/2012 8.4 8.2 7.8 6.4 23%
20/06/2012 9.0 8.5 7.7 6.3 30%
21/06/2012 9.1 9.0 8.0 6.7 27%
22/06/2012 9.4 9.1 8.9 7.7 18%
28/11/2012 9.9 9.1 7.9 7.1 28%
29/11/2012 9.5 9.2 8.1 7.4 22%
2 0 1
xi- Average biochemical oxygen demand values
Average Biochemical oxygen demand (mg/L)
2012 RW PI P2 FW
%
Change
13/02/2012 4.2 2.3 2.2 3.9 7%
14/02/2012 3.1 3.8 3.0 4.5 -48%
15/02/2012 2.3 3.8 3.3 2.1 7%
16/02/2012 2.3 2.5 2.7 2.6 -12%
17/02/2012 4.1 2.8 1.3 1.2 70%
20/02/2012 3.9 2.4 2.2 1.3 67%
21/02/2012 5.3 4.7 2.5 0.8 85%
22/02/2012 7.0 5.6 3.2 1.2 83%
23/02/2012 4.3 5.6 2.7 1.6 62%
24/02/2012 6.6 6.4 4.1 2.2 67%
08/03/2012 5.3 4.2 3.3 1.9 65%
09/03/2012 5.9 4.2 4.5 2.1 64%
13/03/2012 1.7 3.3 4.3 2.8 -65%
14/03/2012 2.7 3.8 2.9 2.9 -7%
15/03/2012 10.0 2.7 1.6 0.8 92%
16/03/2012 10.4 3.4 0.9 1.5 86%
19/03/2012 8.5 4.5 4.2 1.1 87%
20/03/2012 5.5 4.8 4.2 1.9 65%
21/03/2012 8.3 4.9 1.8 2.6 69%
22/03/2012 5.7 4.9 2.3 2.8 51%
23/03/2012 9.6 9.8 9.0 5.6 42%
26/03/2012 8.2 8.4 7.9 7.8 5%
27/03/2012 7.9 7.8 7.1 3.0 62%
28/03/2012 6.7 6.5 5.8 1.6 76%
29/03/2012 8.4 6.9 5.3 5.3 36%
30/03/2012 8.2 5.8 6.2 5.6 32%
16/04/2012 9.7 9.3 8.2 3.8 61%
17/04/2012 6.7 6.9 5.6 1.6 76%
18/04/2012 7.6 6.8 6.6 2.1 73%
19/04/2012 6.8 5.1 6.9 2.8 59%
20/04/2012 7.6 8.0 7.9 2.9 62%
23/04/2012 7.8 7.6 7.9 2.6 66%
24/04/2012 7.6 7.2 6.9 2.9 62%
25/04/2012 7.8 6.5 4.5 1.7 78%
26/04/2012 7.4 7.5 7.0 5.7 23%
27/04/2012 6.5 5.7 6.2 2.7 58%
30/04/2012 8.1 7.8 7.0 2.0 75%
2 0 2
xii- Average biochemical oxygen demand values
Average Biochemical oxygen demand (mg/L)
2012 RW PI P2 FW
%
Change
01/05/2012 8.1 6.4 7.8 6.5 20%
02/05/2012 7.3 6.8 6.8 6.7 8%
03/05/2012 7.0 7.4 6.4 6.6 6%
04/05/2012 7.1 7.5 7.5 6.8 4%
07/05/2012 6.9 7.4 6.0 6.6 4%
08/05/2012 6.8 6.7 8.2 6.5 4%
09/05/2012 7.9 6.8 7.0 4.7 41%
10/05/2012 7.7 7.1 7.1 4.9 36%
11/05/2012 7.5 7.3 6.7 5.4 28%
14/05/2012 9.2 7.9 6.6 6.1 34%
15/05/2012 9.2 8.7 7.9 5.9 36%
16/05/2012 8.3 7.3 6.6 6.2 25%
17/05/2012 8.5 7.5 7.0 3.6 58%
18/05/2012 7.9 8.1 8.2 6.8 14%
21/05/2012 7.9 8.3 8.4 6.4 19%
22/05/2012 8.7 8.9 7.9 6.6 24%
23/05/2012 8.4 8.4 7.6 4.1 52%
24/05/2012 8.0 7.9 8.1 4.8 40%
25/05/2012 7.0 7.4 7.9 5.1 28%
28/05/2012 7.4 7.1 7.3 6.0 19%
29/05/2012 8.2 8.1 8.2 4.9 40%
30/05/2012 8.1 8.3 8.1 5.9 28%
01/06/2012 7.4 7.3 7.4 5.3 28%
02/06/2012 7.6 7.1 6.8 4.7 38%
05/06/2012 8.2 8.2 7.8 4.9 40%
06/06/2012 7.2 7.2 7.2 4.8 34%
07/06/2012 8.1 7.9 7.4 6.1 25%
08/06/2012 7.2 7.2 7.2 4.9 32%
09/06/2012 7.8 7.9 7.5 5.8 26%
12/06/2012 8.0 8.0 7.1 5.8 28%
13/06/2012 3.6 2.7 4.0 2.8 20%
14/06/2012 6.8 4.3 3.7 2.9 57%
15/06/2012 6.0 6.5 5.6 1.4 78%
16/06/2012 5.1 5.0 3.8 1.6 69%
19/06/2012 6.2 5.2 3.9 2.4 61%
20/06/2012 6.6 6.2 5.4 2.8 57%
21/06/2012 4.8 4.8 3.9 3.2 34%
22/06/2012 7.1 6.9 7.3 4.6 35%
28/11/2012 2.5 2.1 1.5 1.1 56%
29/11/2012 2.6 1.8 1.5 1.2 54%
203
xiii - Average turbidity values
Average Turbidity (NTU)
2012 RW PI P2 FW
%
Change
13/02/2012 17.0 6.0 3.0 1.0 94%
14/02/2012 3.4 2.6 2.1 1.0 69%
15/02/2012 4.0 2.4 2.2 0.8 80%
16/02/2012 2.6 2.0 1.8 0.8 68%
17/02/2012 1.2 1.5 1.3 0.7 42%
20/02/2012 1.8 1.8 1.1 0.9 47%
21/02/2012 0.7 oYl 0.9 0.8 -8%
22/02/2012 0.8 0.7 0.9 0.8 4%
23/02/2012 0.8 0.7 0.9 0.7 6%
24/02/2012 0.7 0.7 0.7 0.7 1%
08/03/2012 29.7 21.1 3.4 2.8 90%
09/03/2012 27.3 25.8 8.5 7.7 72%
13/03/2012 33.5 28.8 11.4 3.3 90%
14/03/2012 27.5 22.2 20.6 3.3 88%
15/03/2012 33.3 27.5 19.5 2.5 93%
16/03/2012 25.9 22.7 15.5 2.4 91%
19/03/2012 24.4 6.3 2.5 1.8 93%
20/03/2012 27.1 7.3 3.6 1.7 94%
21/03/2012 39.6 5.9 2.7 2.1 95%
22/03/2012 40.9 11.0 4.4 2.1 95%
23/03/2012 34.2 8.0 3.2 2.1 94%
26/03/2012 37.1 11.1 2.5 1.8 95%
27/03/2012 34.2 9.3 4.9 2.1 94%
28/03/2012 31.3 11.0 7.2 2.0 94%
29/03/2012 33.3 21.3 5.8 2.9 91%
30/03/2012 34.5 21.9 6.5 3.1 91%
16/04/2012 34.3 30.3 26.8 5.0 85%
17/04/2012 38.0 32.5 23.0 6.5 83%
18/04/2012 30.5 24.3 18.5 4.0 87%
19/04/2012 32.5 25.8 20.3 5.0 85%
20/04/2012 38.5 26.0 16.5 3.8 90%
23/04/2012 40.8 24.3 15.5 2.1 95%
24/04/2012 28.5 20.4 16.7 2.0 93%
25/04/2012 25.2 20.8 18.6 2.7 89%
26/04/2012 42.6 17.8 12.2 1.2 97%
27/04/2012 44.7 14.6 11.3 1.1 98%
30/04/2012 50.0 20.0 12.2 1.3 97%
204
xiv - Average turbidity values
Average Turbidity (NTlU)
2012 RW PI P2 FW
%
Change
01/05/2012 55.3 25.0 10.3 1.3 98%
02/05/2012 45.5 19.0 9.7 1.7 96%
03/05/2012 59.0 18.0 8.6 1.3 98%
04/05/2012 53.8 19.3 13.5 1.4 97%
07/05/2012 67.3 27.3 14.0 1.8 97%
08/05/2012 60.8 20.0 10.5 1.9 97%
09/05/2012 72.0 26.0 15.3 1.6 98%
10/05/2012 60.0 27.5 23.3 2.0 97%
11/05/2012 59.8 25.3 13.8 1.4 98%
14/05/2012 63.8 21.8 12.5 1.5 98%
15/05/2012 70.5 24.0 13.0 1.3 98%
16/05/2012 61.0 27.0 12.5 1.7 97%
17/05/2012 28.5 21.6 19.0 3.4 88%
18/05/2012 52.3 21.7 15.5 3.6 93%
21/05/2012 51.8 16.0 10.0 3.3 94%
22/05/2012 56.3 30.0 9.3 2.1 96%
23/05/2012 63.0 50.8 19.0 3.8 94%
24/05/2012 60.5 39.3 20.6 3.3 95%
25/05/2012 58.0 30.5 18.0 2.6 96%
28/05/2012 60.0 23.8 14.8 2.0 97%
29/05/2012 62.3 34.1 17.0 1.9 97%
30/05/2012 57.5 31.5 16.1 2.1 96%
01/06/2012 57.8 33.0 14.9 2.2 96%
02/06/2012 61.0 57.8 15.3 2.9 95%
05/06/2012 73.5 39.8 21.3 3.0 96%
06/06/2012 74.5 51.0 15.3 2.9 96%
07/06/2012 53.0 28.3 12.8 2.8 95%
08/06/2012 56.8 21.8 18.0 6.0 89%
09/06/2012 76.0 44.3 19.5 5.5 93%
12/06/2012 82.0 36.3 21.5 5.5 93%
13/06/2012 63.0 28.3 14.8 4.5 93%
14/06/2012 74.8 30.8 15.3 4.7 94%
15/06/2012 72.0 28.0 13.5 3.9 95%
16/06/2012 71.5 40.0 15.5 4.5 94%
19/06/2012 86.8 32.3 17.8 4.1 95%
20/06/2012 72.5 31.5 13.5 3.9 95%
21/06/2012 135.8 88.6 54.5 8.6 94%
22/06/2012 128.8 82.5 59.0 7.6 94%
28/11/2012 132.5 30.8 5.8 1.0 99%
29/11/2012 157.4 133.5 123.5 2.1 99%
205
XV - Average faeeal eoliforms values
Average Faeeal coliform (cfu/lOOmL)
2012 RW PI P2 FW
%
Change
13/02/2012 2.1 0.0 0.0 0.0 100%
14/02/2012 1.4 0.8 0.5 0.8 46%
15/02/2012 1.3 1.0 1.5 1.3 0%
16/02/2012 1.5 1.0 0.5 0.3 83%
17/02/2012 1.0 1.3 1.0 0.8 25%
20/02/2012 1.0 0.8 1.0 0.5 50%
21/02/2012 1.0 1.0 1.0 0.5 50%
22/02/2012 1.0 1.0 1.0 0.5 50%
23/02/2012 119.5 96.5 13.0 12.5 90%
24/02/2012 61.0 50.3 27.5 16.5 73%
08/03/2012 186.3 140.0 85.0 0.5 100%
09/03/2012 11.3 9.5 6.5 1.5 87%
13/03/2012 84.8 40.3 16.5 1.5 98%
14/03/2012 84.3 44.8 20.0 1.5 98%
15/03/2012 25^ 4.0 1.0 0.0 100%
16/03/2012 23.5 6.8 2.5 0.5 98%
19/03/2012 26.5 13.5 4.0 0.3 99%
20/03/2012 3&3 11.3 3.5 0.0 100%
21/03/2012 9.3 1.8 1.3 0.3 97%
22/03/2012 13.3 9.0 33 0.3 98%
23/03/2012 19.5 12.8 2.5 0.3 99%
26/03/2012 17.0 7.8 33 0.3 99%
27/03/2012 32.0 18.0 8.3 4.8 85%
28/03/2012 30.3 15.8 6.0 2.0 93%
29/03/2012 45.3 383 16.5 83 82%
30/03/2012 59J 40.3 7.8 9.0 85%
16/04/2012 50.5 41.0 37.5 15.8 69%
17/04/2012 47.8 483 41.0 9.8 80%
18/04/2012 103.5 80.0 21.0 3.0 97%
19/04/2012 848 625 16.0 1.8 98%
20/04/2012 47.5 383 33.0 1.0 98%
23/04/2012 206.3 1883 863 3.5 98%
24/04/2012 20&8 131.5 63.0 3.5 98%
25/04/2012 170.5 142.8 48.5 2.0 99%
26/04/2012 187.5 85.0 51.3 2.8 99%
27/04/2012 181.5 110.0 48.3 2.4 99%
30/04/2012 177.3 793 283 2.5 99%
206
xvi - Average faecal coliforms values
Average Faecal coliform (cfu/lOOmL)
2012 RW PI P2 FW
%
Change
01/05/2012 143.3 72.5 234 3.0 98%
02/05/2012 164.8 65.3 41.5 4.3 97%
03/05/2012 196.0 84.5 364 3.0 98%
04/05/2012 160.5 61.3 9.3 3.0 98%
07/05/2012 207.0 60.3 17.8 4.3 98%
08/05/2012 154.5 57.0 20.0 4.0 97%
09/05/2012 161.0 71.3 14.3 4.8 97%
10/05/2012 153.3 71.5 19.8 5.3 97%
11/05/2012 160.8 56.0 25.0 54 96%
14/05/2012 133.5 79.3 43.5 7.8 94%
15/05/2012 177.8 150.8 121.3 10.5 94%
16/05/2012 187.8 117.8 59.3 7.3 96%
17/05/2012 185.3 117.8 90.8 7.0 96%
18/05/2012 176.3 100.3 784 5.5 97%
21/05/2012 178.3 114.3 80.0 5.0 97%
22/05/2012 189.0 95.0 664 4.5 98%
23/05/2012 165.0 9T8 59.0 4.3 97%
24/05/2012 167.0 85J 43.5 7.3 96%
25/05/2012 178.0 834 18.5 7.0 96%
28/05/2012 166.8 79.3 24.5 5.5 97%
29/05/2012 157.3 90.3 14.0 7.5 95%
30/05/2012 157.3 79.3 15.5 5.0 97%
01/06/2012 84.0 39.5 15.8 8.0 90%
02/06/2012 184.0 85J 40.8 8.0 96%
05/06/2012 180.8 83.0 29.0 7.0 96%
06/06/2012 172.3 77.3 324 6.3 96%
07/06/2012 168.3 774 394 4.0 98%
08/06/2012 152.8 64.3 274 5.3 97%
09/06/2012 147.3 76.0 244 5.3 96%
12/06/2012 148.5 764 30.0 7.5 95%
13/06/2012 183.5 834 364 13.0 93%
14/06/2012 207.5 92.5 50.5 11.3 95%
15/06/2012 172.5 78.5 334 14.5 92%
16/06/2012 190.5 684 294 134 93%
19/06/2012 165.8 924 49.3 9.5 94%
20/06/2012 160.8 754 41.3 84 95%
21/06/2012 171.8 80.5 35.3 7.5 96%
22/06/2012 163.3 125.5 384 1.3 99%
28/11/2012 712.0 567.0 217.0 23.1 97%
29/11/2012 607.0 435.0 198.0 21.5 96%
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xviii-1 -  test: paired two sample for means
Pilot laboratory data
t-Test: Paired Two Sample for Means, t - critical two tail (table value) - 2.16, n = 15, df = 13
RfF PI RW FW PI P2 P2 FW
pH 2.76
t stat> tcrit
544
t stat> tcrit
3.16
t stat> terit
5.95
t stat> tcrit
Temperature (°C) -2.15
t stat< terit
-348
t stat< tcrit
-343
t stat< tcrit
-548
t stat< terit
EC (pS/em) -1.05
t stat< tcrit
-3.17
t stat< tcrit
-2.21
t stat< tcrit
-4.20
t stat< tcrit
TDS (mg/L) -1.42
t stat< tcrit
-3.30
t stat< terit
-2.14
t stat< terit
-3.97
t stat< tcrit
DO (mg/L) 5.12
t stat> terit
9.50 
t stat> tcrit
5.41
t stat> tcrit
9.24
t stat> tcrit
BOD (mg/L) 345
t stat> tcrit
12.52
t stat> tcrit
6.14
t stat> tcrit
9.12
t stat> tcrit
Turbidity (NTU) 1.07
t stat< tcrit
3.93
t stat> tcrit
3.97
t stat> tcrit
246
t stat> tcrit
FC (cfu/100 mL) 245
t stat> tcrit
3.70 
t stat> tcrit
342
t stat> tcrit
4.43
t stat> tcrit
Key:- n = 76 -  number of samples, df = 74 -  degrees of freedom 
xix- F -  test: paired two sample for means
Pilot laboratory data
F-Test Two-Sample for Variances, F critical one tail = 2.57, n = 15, df = 13
RW PI RW FW PI P2 P2 FW
pH 0.89 150.15 1.64 103.36
F < Fcrit F > Fcrit F < Fcrit F > Fcrit
Temperature (°C) 1.63 4.41 1.75 1.55
F < Fcrit F > Fcrit F < Fcrit F < Fcirt
EC (pS/em) 2.06 104.18 4448 1.13
F < Fcrit F > Fcrit F > Fcrit F < Fcirt
TDS (mg/L) 1.87 63.27 43.68 0.78
F < Fcrit F > Fcrit F > Fcrit F < Fcrit
DO (mg/L) 0.51 0.82 1.40 1.16
F < Fcrit F < Fcirt F < Fcirt F < Fcrit
BOD (mg/L) 1.74 1.05 0.64 0.95
F < Fcrit F < Fcirt F < Fcirt F < Fcrit
Turbidity (NTU) 0.73 109038.18 1.12 133 236.38
F < Fcrit F > Fcrit F < Fcrit F > Fcrit
FC (cfu/lOOmL) 7.67 298.35 4.35 8.94
F > Fcrit F > Fcrit F > Fcrit F > Fcrit
Key:- n = 76 -  number of samples, df = 74 -  degrees of freedom
2 1 0
Field work - multi stage filtration system experiments -  December, 2012 -  March, 2013 
Raw and summary statistical data 
8 - Domestic areas groundwater- Farin Gida Mando - pH
DMGW -FGM
RW-pH PI-pH P2-pH FW- pH
6.56 6.80 7.47 7.25
Mean 6.72 6.86 645 649 7.26 7.15 7.16 7.18
Median 6.50 6.59 7.26 6.90 7.39 7.17 7.04 7.10
Standard Deviation 6.46 0.48 6.64 0.28 7.10 0.20 7.56 0.19
Sample Variance 7.10 0.23 7.30 0.08 7.30 0.04 7.64 0.04
Range 648 1.29 6.80 0.83 7.00 0.73 7.06 0.67
Minimum 6.57 646 6.90 6.57 7.13 6.73 7.26 6.97
Maximum 6.44 7.65 6.74 7.39 643 7.47 7.15 7.64
Count 646 15 6.57 15 6.73 15 7.05 15
6.59 648 645 6.97
7.65 7.39 7.26 7.10
742 7.12 7.17 7.26
7.35 7.17 7.21 7.07
7.43 7.23 7.17 7.04
7.65 7.35 7.24 7.06
9- Domestic areas groundwater- Farin Gida Mando -  temperature (°C)
DMGW -FGM
RW- Temp PI- Temp P2- Temp FW- Temp
24.04 2548 26.66 27.48
Mean 2948 24.73 29.62 25.04 29.06 24.78 28.72 24.81
Median 25.84 25.56 24.94 25.78 26.18 25.68 26.34 25.58
Standard Deviation 2642 2.43 26.44 2.27 26.70 2.63 26.44 2.69
Sample Variance 26.74 5.90 2648 5.14 26.62 6.94 26.42 7.22
Range 22.94 9.68 2340 9.16 23.30 9.34 25.58 9.26
Minimum 23.58 19.90 23.92 20.46 2348 19.72 23.60 19.46
Maximum 22.1 29.58 22.48 29.62 21.90 29.06 21.70 28.72
Count 21.46 15 21.78 15 19.80 15 19.52 15
19.9 20.46 19.72 19.46
24.96 2548 24.8 24.48
25.82 25.84 2548 25.36
25.56 254 25.68 25.4
264 264 26.04 25.78
25.98 26.28 25.94 25.82
2 1 1
10 - Domestic areas groundwater- Farin Gida Mando -  Electrical conductivity (pS/cm)
DMGW -FGM
RW-
EC
PI -
EC
P2-
EC
FW-
EC
264.00 261.40 259.00 221.80
Mean 250.00 226.61 296.80 220.25 325.00 225.11 453.60 271.00
Median 304.80 234.60 319.60 233.80 308.40 230.80 358.80 257.40
Standard
Deviation 229.40 43.18 264.40 58.11 264.00 60.25 299.60 67.78
Sample Variance 234.60
1864.5
2 265.20
3376.8
3 257.00
3630.1
9 296.20
4594.4
7
Range 153.20 151.60 173.60 211.80 115.20 209.80 184.00 269.60
Minimum 183.20 153.20 107.80 107.80 128.80 115.20 240.40 184.00
Maximum 158.00 304.80 173.00 319.60 189.20 325.00 225.20 453.60
Count 180.00 15 147.20 15 167.60 15 196.80 15
206.60 179.80 222.20 257.40
223.60 193.80 182.20 232.60
235.20 207.60 230.80 245.60
247.60 235.40 216.20 269.00
261.00 244.40 270.80 299.00
268.00 233.80 240.20 285.00
11 - Domestic areas groundwater- Farin Gida Mando -  Total dissolved solids (mg/L)
DMGW - FGM
RW-
TDS
PI - 
TDS
P2-
TDS
FW-
TDS
31.80 30.60 131.20 171.40
Mean 126.20 106.57 146.40 104.57 138.80 116.55 238.60 147.59
Median 154.40 122.00 159.40 110.00 158.60 7 j# 193.00 145.80
Standard
Deviation 95.80 44.40 136.00 39.54 133.40 30.43 150.60 37.90
Sample Variance 141.80
1971.3
5 118.60
1563.5
7 132.20 926.14 158.20
1436.4
3
Range 27.40 130.80 40.80 128.80 60.40 60.40 91.20 147.40
Minimum 42.00 27.40 62.00 30.60 69.40 158.60 124.60 91.20
Maximum 81.40 158.20 88.60 159.40 98.80
1748.2
0 117.00 238.60
Count 89.60 15 74.00 15 82.60 15 101.80 15
108.60 90.00 114.80 132.80
122.00 104.20 94.20 120.80
124.00 110.00 115.60 132.40
144.20 124.80 113.80 145.80
151.20 138.80 157.80 154.60
158.20 144.40 146.60 181.00
2 1 2
12 - Domestic areas groundwater- Farin Gida Mando -  Dissolved oxygen (mg/L)
DMGW -FGM
RW- DO PI - DO P2- DO FW- DO
6.41 5.91 6J# 6.31
Mean 8.13 7.75 &88 7.20 6.84 6^3 6.50 5.78
Median 9.04 7J2 R46 6.95 8.12 6.69 6.80 6.10
Standard Deviation 6.74 1.13 6.52 0.87 6.40 0.74 5jW Oj#
Sample Variance 10.20 1.28 R26 0.76 8 j# 0.55 6.34 0.77
Range 6.37 3^3 6.42 3.35 7.16 2 j# 3.35 3.45
Minimum 7.06 6.37 6.90 5.91 6.49 628 5.13 3.35
Maximum 8.90 10.20 7.52 9J# 6.70 8 j# 4.73 6.80
Count 8.81 15 7.21 15 7.11 15 5.15 15
8.63 R29 7.34 6.17
7.22 7.13 6.55 5.56
7.57 7.24 6.34 6.05
7.19 6.64 6.45 6.10
6.87 6.71 6.46 6.23
7.18 6.95 6.69 626
13 - Domestic areas groundwater- Farin Gida Mando -  Biochemical oxygen demand (mg/L)
DMGW -FGM
RW- BOD PI - BOD P2- BOD FW- BOD
4.28 3.64 3.50 323
Mean 4.22 4.10 3.62 3^2 395 3.45 4.06 3.13
Median 3J6 4.17 3.52 3.52 3.70 3.50 3.74 322
Standard Deviation 3.22 0.60 3.36 0.52 327 0.44 4.07 0.64
Sample Variance 4.64 0.36 4.36 0.27 3.80 0.19 3.50 0.41
Range 323 2.01 3.40 2.13 4.12 1.84 1.85 222
Minimum 323 3.22 2.60 2.60 229 229 1.96 1.85
Maximum 3^9 5.23 3.39 4.73 3.18 4.12 325 4.07
Count 4.29 15 3.31 15 3.13 15 2.80 15
4.59 4.12 3.51 3.13
4.17 4.06 3.69 322
523 4.73 3 j# 323
4 j# 3.55 3.37 293
3.93 3.31 3.14 222
4.08 3.34 3.27 293
213
14 - Domestic areas groundwater- Farin Gida Mando -  Turbidity (NTU)
DMGW -FGM
RW- Tur PI -Tur P2- Tur FW- Tur
30.00 23.80 25.60 5.54
Mean 20.80 16.17 15.40 11.20 828 929 4.72 4.77
Median 24.00 16.00 13.80 9.56 9.70 826 228 4.24
Standard Deviation 19.60 622 13.80 4.62 11.64 5.65 3.08 2.54
Sample Variance 16.00 3829 928 21.31 822 31.89 3.52 6.48
Range 20.80 21.64 14.80 17.18 9.40 21.40 2.96 10.22
Minimum 11.64 826 7.10 622 5.78 4.20 4.46 228
Maximum 9.64 30.00 6.76 23.80 4.20 25.60 3.06 12.60
Count 9.80 15 6.62 15 428 15 3.08 15
11.18 8.90 6.08 4.24
11.14 896 6.18 328
12.94 822 826 728
8.36 728 828 6.02
18.40 9.56 6.14 4.64
18.20 12.60 18.20 12.60
15 - Domestic areas groundwater- Farin Gida Mando -  Faecal coliforms (cfu/lOOmL)
DMGW -FGM
RW- FC PI -FC P2- FC FW- FC
24.50 14.00 16.00 13.00
Mean 28.00 15.37 21.50 10.97 15.00 8.13 6.00 4.07
Median 20.00 13.50 15.00 10.50 11.50 6.50 4.50 3.50
Standard Deviation 20.00 6.50 15.50 4.47 6.50 3.74 4.50 292
Sample Variance 16.00 42.27 9.50 19.98 6.00 14.02 2.50 7.39
Range 21.50 20.00 13.00 15.50 8.00 12.50 3.50 11.00
Minimum 19.50 8.00 14.00 6.00 11.50 3.50 2.50 2.00
Maximum 13.50 28.00 10.50 21.50 6.00 16.00 3.50 13.00
Count 13.00 15 10.50 15 9.00 15 3.00 15
10.50 8.50 7.00 5.00
9.50 7.00 6.50 3.50
9.00 6.50 5.00 2.00
9.50 7.00 5.00 2.50
8.00 6.00 5.50 2.50
8.00 6.00 3.50 2.50
214
16 - Domestic areas groundwater- Abuja Road Rigasa- pH
DMGW -ARR
RW-pH PI-pH P2-pH FW- pH
6.10 7.20 728 7.84
Mean 6.24 699 792 7.45 7.74 7.63 7.48 7.79
Median 692 7.20 7.30 7.30 7.54 7.54 7.40 7.84
Standard Deviation 628 0.51 7.30 0.33 7.36 0.25 7.34 0.44
Sample Variance 6.80 0.26 7.30 0.11 7.34 0.06 7.54 0.19
Range 7.18 1.42 7.62 1.14 7.50 028 6.86 1.64
Minimum 7.44 6.10 7.90 7.10 7.54 7.34 892 6.86
Maximum 7.52 7.52 8.24 8.24 892 892 8.50 820
Count 7.20 15 7.40 15 7.50 15 7.80 15
7.48 7.76 7.90 8.34
798 7.44 7.60 898
698 7.18 7.46 7.54
7.20 7.10 7.50 7.84
7.30 7.10 7.40 7.90
7.50 7.70 7.90 890
17 - Domestic areas groundwater- Abuja Road Rigasa -  Temperature (°C)
DMGW -ARR
RW- Temp PI- Temp P2- Temp FW- Temp
21.34 21.74 21.70 21.78
Mean 21.50 24.59 21.72 24.83 21.60 24.91 21.78 25.13
Median 21.76 25.78 2298 25.90 2298 25.98 22.56 26.30
Standard Deviation 21.96 2.16 22.26 2.11 22.50 2.11 22.66 2.15
Sample Variance 22.14 4.68 22.42 4.44 2298 4.44 22.56 4.62
Range 24.78 5.56 25.10 5.18 25.30 5.30 25.50 5.32
Minimum 25.22 21.34 25.66 21.72 2598 21.60 26.10 21.78
Maximum 25.78 26.90 25.94 26.90 2598 26.90 26.30 27.10
Count 25.82 15 25.90 15 26.10 15 26.30 15
26.06 26.30 26.44 26.70
25.82 26.02 26.10 26.50
26.46 26.70 26.74 26.90
26.64 2696 26.90 27.10
26.90 26.90 26.90 27.10
26.70 26.90 2692 27.10
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18 - Domestic areas groundwater- Abuja Road Rigasa -  Electrical conductivity (pS/cm)
DMGW -ARR
RW- EC PI - EC P2- EC FW- EC
258.20 213.00 190.20 197.00
Mean 278.40 345.56 235.20 316.71 226.20 317.11 219.60 338.56
Median 314.60 357.00 264.00 335.40 238.00 352.00 228.60 380.60
Standard Deviation 324.60 37.96 295.20 44.91 248.60 60.65 267.00 71.67
Sample Variance 327.20 1440.93 314.40 2016.56 293.80 3678.95 340.40 5136.04
Range 357.00 129.60 335.40 148.60 353.80 179.60 362.20 208.60
Minimum 379.20 258.20 361.60 213.00 369.80 190.20 405.60 197.00
Maximum 365.60 387.80 339.20 361.60 344.20 369.80 381.20 405.60
Count 352.00 15 330.00 15 347.80 15 373.40 15
364.80 345.00 356.60 383.40
354.00 334.80 363.60 38390
367.60 345.60 355.20 380.60
377.00 342.00 352.00 384.20
387.80 343.80 353.80 380.60
375.40 351.40 363.00 391.40
19 - Domestic areas groundwater- Abuja Road Rigasa -  Total dissolved solids (mg/L)
DMGW -ARR
RW-
TDS
PI
TDS
P2-
TDS
FW-
TDS
131.00 107.80 96.80 101.00
Mean 156.00 178.45 127.40 158.67 117.00 157.89 110.60 171.77
Median 163.40 181.40 148.40 165.40 123.20 168.40 116.80 186.40
Standard Deviation 168.20 19.11 160.20 19.64 129.40 2&42 138.60 35.86
Sample Variance 166.40 365.25 159.00 385.68 142.80 807.56 173.80 1285.74
Range 178.60 73.80 144.20 73.80 175.80 88.40 186.40 105.20
Minimum 204.80 131.00 181.60 107.80 185.20 96.80 206.20 101.00
Maximum 188.00 204.80 166.80 181.60 168.00 185.20 194.00 206.20
Count 181.40 15 161.40 15 168.40 15 185.80 15
187.80 174.80 182.60 195.40
177.20 173.60 184.00 194.80
189.40 171.60 174.40 185.80
194.80 165.40 167.40 195.80
200.80 166.40 173.80 193.00
189.00 171.40 179.60 198.60
216
20 - Domestic areas groundwater- Abuja Road Rigasa -  Dissolved oxygen (mg/L)
DMGW -ARR
RW-DO PI - DO P2- DO FW- DO
6.12 6.76 7.34 338
Mean 6.06 6.70 5^8 6.27 538 5.97 4.20 4.79
Median 6.04 6.74 5.48 632 5.52 6.16 3.84 4.96
Standard Deviation 6.30 0.46 5.48 0.49 5.20 0.64 4.36 0.72
Sample Variance 7.00 0.21 6.24 0.24 5.12 0.41 4.36 0.52
Range 6.40 1.36 5.92 1.72 538 292 438 2.60
Minimum 6.98 6.04 6.46 5.48 6.16 5.12 4.96 3.18
Maximum 7.40 7.40 7.20 7.20 6.50 7.34 598 5.78
Count 6.94 15 6.54 15 6.46 15 5.24 15
6.60 6.04 5.46 5.06
7.28 &80 638 4.48
7.00 6.44 6.36 5.74
6.44 598 536 5.00
6.74 632 6.26 5.46
7.26 6.54 698 5.26
21 - Domestic areas groundwater- Abuja Road Rigasa -  Biochemical oxygen demand (mg/L)
DMGW -ARR
RW- BOD PI-BOD P2- BOD FW- BOD
3.40 3.50 4.16 2.16
Mean 398 3.53 3.24 3.21 3.00 3.09 232 2.33
Median 392 3.52 2.70 392 292 3.02 296 296
Standard Deviation 332 0.39 2.56 0.47 238 0.47 298 098
Sample Variance 336 0.15 3.16 0.22 2.42 0.22 2.10 0.15
Range 238 1.66 2.48 1.66 298 138 2.02 1.40
Minimum 396 2.68 3.46 2^3 398 298 1.64 1.62
Maximum 4.34 4.34 4.14 4.14 3.44 4.16 2.74 3.02
Count 392 15 3.78 15 3.50 15 3.02 15
3.46 3.00 3.02 238
330 3.68 338 1.62
3.54 3.20 3.02 248
3.24 296 236 2.44
3.42 392 3.18 248
3.64 3.30 398 296
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22 - Domestic areas groundwater- Abuja Road Rigasa -  Turbidity (NTU)
DMGW -ARR
RW- Tur PI -Tur P2- Tur FW- Tur
10.80 698 3.42 2.24
Mean 13.60 2293 8.40 12.68 12.80 9.93 10.40 6.51
Median 17.40 26.80 12.20 12.80 14.00 10.18 9.50 698
Standard Deviation 18.00 6.21 13.20 392 13.80 393 10.16 2.50
Sample Variance 17.60 3836 12.80 11.04 14.20 10.44 8.74 6.25
Range 20.00 19.20 10.70 11.72 10.18 10.78 736 8.16
Minimum 29.60 10.80 15.00 698 7.56 3.42 5.32 2.24
Maximum 2230 30.00 13.86 18.00 7.48 14.20 336 10.40
Count 27.80 15 13.60 15 10.78 15 6.34 15
27.40 12.24 8.00 4.60
30.00 8.42 6.44 4.24
28.00 11.90 7.42 3.94
26.80 18.00 11.50 738
26.80 17.80 12.60 698
27.40 15.80 8.70 6.54
23 - Domestic areas groundwater- Abuja Road Rigasa -  Faecal coliforms (cfu/lOOmL)
DMGW -ARR
RW-FC PI -FC P2- FC FW- FC
77.50 64.00 53.00 20.50
Mean 20.50 26.47 14.50 18.47 13.00 15.73 17.50 9.90
Median 21.00 23.50 16.00 16.00 13.50 13.00 13.00 6.50
Standard Deviation 20.50 14.43 14.00 12.74 15.00 10.49 16.50 5.51
Sample Variance 16.00 208.16 13.50 162.30 14.50 109.96 14.50 30.33
Range 23.50 61.50 16.00 52.50 17.00 43.50 14.00 16.00
Minimum 27.00 16.00 16.50 11.50 14.00 9.50 8.50 4.50
Maximum 27.00 77.50 16.00 64.00 13.00 53.00 6.00 20.50
Count 22.00 15 13.50 15 12.50 15 6.50 15
26.00 15.00 10.00 6.50
24.50 11.50 9.50 6.50
24.00 18.00 13.00 5.00
25.00 19.00 14.50 4.50
22.50 16.00 12.50 4.50
20.00 13.50 11.00 4.50
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24 - Domestic areas groundwater- Unguwan Sanusi - pH
DMGW -USS
RW- pH PI-pH P2- pH FW- pH
5.36 8.44 8.20 896
Mean 5.66 6.74 738 7.67 8.40 7.93 8.50 8.20
Median 5.78 632 7.30 738 7.98 798 898 896
Standard Deviation 6.20 0.80 7.54 0.30 898 0.38 8.62 0.46
Sample Variance 6.30 0.64 7.70 0.09 8.10 0.15 8.50 0.21
Range 698 2.54 738 1.14 798 1.58 892 1.98
Minimum 6.44 596 7.54 7.30 7.84 632 8.16 6.64
Maximum 632 7.90 7.44 8.44 7.60 8.40 8.02 832
Count 7.24 15 7.54 15 632 15 6.64 15
7.46 7.62 738 8.24
738 7.84 8.10 8.30
7.90 890 8.16 8.54
7.30 7.46 732 8.16
7.30 7.50 8.12 896
7.54 7.76 7.78 8.14
25 - Domestic areas groundwater- Unguwan Sanusi -  Temperature (°C)
DMGW - USS
RW- Temp PI- Temp P2- Temp FW- Temp
27.02 27.54 28.24 28.62
Mean 27.42 27.79 27.70 28.08 2732 31.70 28.42 28.60
Median 27.10 27.50 27.64 27.84 27.90 28.10 28.08 28.42
Standard Deviation 27.50 0.59 27.54 0.55 27.90 13.22 28.10 0.49
Sample Variance 27.50 0.35 27.70 0.30 27.90 174.65 28.10 0.24
Range 27.50 1.82 27.82 1.54 28.10 51.64 28.30 1.34
Minimum 27.52 27.02 2738 27.54 27.80 27.80 28.32 28.08
Maximum 2732 28.84 27.84 29.08 27.94 79.44 28.24 29.42
Count 27.50 15 27.70 15 27.90 15 28.16 15
27.50 27.90 79.44 28.78
27.90 2894 28.50 28.70
28.50 28.70 28.90 29.10
28.70 2892 29.10 29.34
2834 29.08 29.10 29.30
28.66 28.88 29.00 29.42
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26 - Domestic areas groundwater- Unguwan Sanusi -  Electrical conductivity (pS/em)
DMGW - USS
RW- EC PI - EC P2- EC FW- EC
263.00 269.00 252.20 266.20
Mean 274.00 272.45 261.20 243.36 267.00 256.00 294.00 279.81
Median 261.20 276.20 271.00 237.00 275.60 253.80 291.20 277.00
Standard Deviation 264.40 10.71 278.00 19.80 284.00 13.12 296.20 11.84
Sample Variance 279.80 114.61 247.40 392.10 266.80 172.03 290.40 140.15
Range 284.20 36.00 231.40 61.00 259.00 44.80 274.40 34.00
Minimum 276.20 252.20 217.00 217.00 247.80 239.20 271.40 262.20
Maximum 280.80 288.20 225.60 278.00 259.00 284.00 279.60 296.20
Count 279.00 15 219.80 15 242.20 15 293.60 15
281.00 258.80 243.20 290.20
257.20 229.20 246.00 273.20
268.40 237.00 253.80 277.00
277.20 236.80 244.00 262.20
28&20 242.20 260.20 274.40
252.20 226.00 239.20 263.20
27 - Domestic areas groundwater- Unguwan Sanusi -  Total dissolved solids (mg/L)
DMGW -USS
RW-
TDS PI TDS
P2-
TDS
FW-
TDS
137.00 141.60 125.40 145.60
Mean 142.00 140.17 127.20 127.85 134.80 133.68 154.60 147.53
Median 138.80 141.40 150.40 126.80 137.80 134.60 152.20 149.40
Standard Deviation 140.20 6.93 147.40 10.91 145.60 6.44 154.80 5J8
Sample Variance 124.80 47.96 128.40 119.07 139.80 41.48 152.80 33.44
Range 149.40 24.60 119.40 35.40 131.00 20.60 139.00 18.40
Minimum 141.40 124.80 115.00 115.00 140.40 125.00 140.20 136.40
Maximum 142.00 149.40 120.20 150.40 132.80 145.60 145.00 154.80
Count 143.40 15 116.00 15 125.00 15 147.40 15
145.40 132.20 127.00 149.40
133.00 118.60 130.40 143.40
139.80 127.20 134.60 149.40
147.00 126.00 134.60 152.20
149.00 126.80 141.00 150.60
129.40 121.40 125.00 136.40
2 2 0
28 - Domestic areas groundwater- Unguwan Sanusi -  Dissolved oxygen (mg/L)
DMGW -USS
RW-DO PI-DO P2- DO FW- DO
7.60 7.38 6.70 538
Mean 6.76 7.33 &48 6.93 6.14 6.55 5.90 5.97
Median 7.22 7.18 7.30 6.74 638 632 6.06 5.90
Standard Deviation 7.18 0.46 6.50 0.48 6.06 0.40 532 0.47
Sample Variance 6.96 0.21 636 0.23 6.52 0.16 5.58 0.22
Range 7.14 1.52 6.52 1.46 6.24 1.36 5.74 1.74
Minimum 7.38 6.76 632 6.36 638 6.06 6.18 538
Maximum 7.06 8J# 632 732 6.40 7.42 5.92 7.02
Count 6.84 15 6.50 15 6.10 15 5.62 15
6.98 6.72 632 6.34
7.46 6.74 6.66 6.14
8.18 7.62 7.42 7.02
8.28 732 7.30 638
7.76 7.50 6.36 5.84
7.16 7.00 638 5.50
29 - Domestic areas groundwater- Unguwan Sanusi -  Biochemical oxygen demand (mg/L)
DMGW - USS
RW- BOD PI - BOD P2- BOD FW- BOD
3.44 3.34 238 2.34
Mean 3.60 3.40 3.24 3.01 3.00 2.81 2.70 233
Median 336 3.26 3.28 2.76 236 238 2.42 2.20
Standard Deviation 3.12 0.45 2.42 0.53 2.20 0.42 1.78 0.41
Sample Variance 3.00 0.20 2.48 038 232 0.18 1.72 0.16
Range 3.12 1.48 2.50 1.44 232 1.26 1.80 138
Minimum 3.20 2.82 2.74 2.42 238 2.20 2.12 1.72
Maximum 233 4.30 2.56 336 2.42 3.46 1.92 3.00
Count 232 15 2.42 15 234 15 1.78 15
3.04 2.76 2.74 2.20
336 2.62 236 2.02
4.02 3.48 3.42 3.00
4.30 3.78 332 236
4.08 336 332 232
332 3.70 3.46 2.34
2 2 1
30 - Domestic areas groundwater- Unguwan Sanusi -  Turbidity (NTU)
DMGW -USS
RW- Tur PI -Tur P2- Tur FW- Tur
18.60 11.04 830 3.40
Mean 21.20 19.37 13.20 11.17 11.02 9.15 7.34 636
Median 19.80 19.40 11.14 11.02 11.86 9.12 632 6.48
Standard Deviation 16.80 1.57 11.02 1.55 9.46 1.63 5.96 1.31
Sample Variance 19.40 2.47 9.06 2.41 11.30 236 7.94 1.73
Range 21.60 4.80 10.70 5.94 9.96 5.92 7.40 4.76
Minimum 20.00 16.80 11.44 9.06 9.12 5.94 6.42 3.40
Maximum 17.40 21.60 9.42 15.00 5.94 11.86 4.60 8.16
Count 17.80 15 11.46 15 836 15 8.16 15
17.60 10.18 10.08 732
20.60 15.00 9.80 5.84
21.60 13.00 638 4.70
18.40 936 8.40 6.24
19.20 10.80 838 7.12
20.60 10.24 8.42 6.48
31 - Domestic areas groundwater- Unguwan Sanusi -  Faecal coliforms (cfu/lOOmL)
DMGW -USS
RW- FC PI -FC P2- FC FW- FC
26.00 19.50 14.50 5.50
Mean 29.00 17.73 20.00 13.27 14.50 9.50 6.50 4.27
21.00 14.50 11.00 4.50
Median 18.00 16.00 13.00 12.50 8.00 9.00 3.50 4.00
Standard Deviation 16.00 4.41 12.50 2.91 8.00 236 3.50 0.84
Sample Variance 15.50 19.46 13.50 830 9.00 5.11 3.50 0.71
Range 16.00 15.50 12.00 10.00 9.00 7.50 4.00 3.00
Minimum 13.50 13.50 10.00 10.00 8.50 7.00 3.50 3.50
Maximum 16.00 29.00 13.00 20.00 9.00 14.50 4.00 6.50
Count 16.00 15 11.50 15 8.00 15 4.50 15
14.00 11.00 7.50 4.50
14.00 10.00 7.00 4.50
18.00 13.50 10.00 4.50
16.00 12.50 9.50 3.50
17.00 12.50 9.00 4.00
2 2 2
32 - Domestic areas groundwater- Makarfi Road Rigasa - pH
DMGW -MRR
RW-pH PI -pH P2-pH FW-pH
6.66 638 638 7.22
Mean 638 7.41 638 7.17 738 7.30 7.46 7.72
Median 7.20 7.42 7.60 7.18 6.90 738 7.40 7.54
Standard Deviation 7.64 0.33 7.26 0.25 7.54 0.39 830 0.42
Sample Variance 7.40 0.11 7.10 0.06 6.90 0.15 7.20 0.18
Range 7.56 1.18 7.16 0.90 6.90 1.02 7.30 1.30
Minimum 7.40 6.66 7.50 6.70 7.90 638 8.50 7.20
Maximum 7.36 7.84 7.02 7.60 6.90 7.90 7.50 8.50
Count 7.40 15 6.70 15 6.90 15 7.30 15
7.42 6.84 7.24 7.54
7.62 7.26 7.54 7.94
7.50 7.20 7.70 7.90
7.64 7.34 7.90 836
7.84 7.48 7.62 7.98
7.76 7.18 7.40 836
33 - Domestic areas groundwater- Makarfi Road Rigasa -  Temperature (°C)
DMGW - MRR
RW- Temp PI- Temp P2- Temp FW- Temp
29.64 30.10 30.50 30.98
Mean 31.62 31.17 31.90 31.40 32.08 31.64 32.50 31.89
Median 29.76 31.62 29.94 31.90 30.30 32.08 30.50 32.50
Standard Deviation 30.50 0.92 30.70 0.90 30.90 0.87 31.20 0.82
Sample Variance 29.90 0.85 30.10 0.81 30.36 0.75 30.70 0.68
Range 30.90 2.46 31.14 2.36 31.32 2.32 31.60 2.34
Minimum 30.50 29.64 30.72 29.94 30.90 30.30 31.14 30.50
Maximum 30.88 32.10 31.10 32.30 31.30 32.62 31.50 32.84
Count 31.90 15 32.10 15 32.30 15 32.50 15
31.90 32.10 32.30 32.50
31.90 32.14 32.30 32.50
31.90 32.10 32.30 32.50
32.10 32.30 32.50 32.70
32.10 32.30 32^2 32.70
32.10 32.30 3258 32.84
223
34 - Domestic areas groundwater- Makarfi Road Rigasa -  Electrical conductivity (pS/cm)
DMGW - MRR
RW-EC PI - EC P2- EC FW-EC
284.40 272.60 289.20 307.40
Mean 287.20 251.95 247.00 229.73 262.00 234.80 284.60 265.25
Median 275.40 246.20 263.40 219.60 295.40 227.20 317.00 257.80
Standard Deviation 271.20 21.06 236.80 19.36 263.20 2R81 284.80 25.81
Sample Variance 246.20 443.42 241.20 374.74 227.20 830.01 223.40 666.17
Range 261.00 63.80 227.80 60.40 220.00 92.60 274.00 93.60
Minimum 269.60 223.40 236.20 212.20 226.00 202.80 282.20 223.40
Maximum 241.40 287.20 216.20 272.60 227.60 295.40 250.80 317.00
Count 229.60 15 212.20 15 214.20 15 257.80 15
232.40 216.40 228.40 248.40
23R80 212.40 202.80 246.80
246.80 215.20 228.00 260.80
239.60 215.80 212.20 253.20
231.20 219.60 216.80 240.20
223.40 213.20 209.00 247.40
35 - Domestic areas groundwater- Makarfi Road Rigasa -  Total dissolved solids (mg/L)
DMGW - MRR
RW-
TDS
Pl-
TDS
P2-
TDS
FW-
TDS
146.80 139.60 158.20 160.20
Mean 148.20 130.88 122.00 118.76 131.00 122.25 146.00 144.67
Median 143.00 127.00 125.60 113.60 153.60 118.20 164.60 135.60
Standard Deviation 138.00 9.99 125.80 8.74 133.60 15.74 147.80 26.77
Sample Variance 129.00 99.78 123.00 76.44 119.80 247.69 116.20 716.62
Range 133.60 30.40 127.60 31.40 113.80 53.60 143.80 113.00
Minimum 139.60 117.80 123.20 108.20 120.60 104.60 146.80 116.20
Maximum 126.60 148.20 112.80 139.60 117.60 158.20 131.40 229.20
Count 120.40 15 113.60 15 114.80 15 134.00 15
123.00 113.00 119.20 229.20
123.20 109.60 104.60 128.00
127.00 111.00 118.20 135.60
126.20 113.60 109.80 131.40
120.80 112.80 112.00 125.80
117.80 108.20 107.00 129.20
224
36 - Domestic areas groundwater- Makarfi Road Rigasa -  Dissolved oxygen (mg/L)
DMGW - MRR
RW- DO PI - DO P2- DO FW- DO
7.96 7.38 7J8 6.72
Mean 7.26 7.03 6.22 6.46 5 j# 6.12 5.08 5.45
Median 7.42 7.02 7.10 6^8 6.94 6.12 626 522
Standard Deviation 6.32 0.42 5^2 0.48 5.74 0.59 5.14 0.55
Sample Variance 6.58 0.18 5.78 0.23 5.56 0.35 5.08 0.30
Range 6.74 1.64 &28 1.60 5 j# 2.20 5.14 1.90
Minimum 6.52 6.32 5.84 5J8 5.18 5.18 422 422
Maximum 6.74 7.96 6.02 7J8 5.46 728 422 6.72
Count 7.22 15 6.72 15 6.66 15 6.06 15
7.02 6.58 6.12 5.42
6.84 &28 5 j# 5.54
7.02 6.62 6.24 5.64
7.32 &78 628 5.14
7.34 &82 6.60 5.46
7.12 &62 6.24 522
37 - Domestic areas groundwater- Makarfi Road Rigasa -  Biochemical oxygen demand (mg/L)
DMGW - MRR
RW- BOD PI - BOD P2- BOD FW- BOD
322 3.32 3.44 328
Mean 328 3.75 3.02 3.21 2.40 2.93 1.94 226
Median 322 3.88 3.04 3.20 2.84 2.84 2.46 228
Standard Deviation 228 0.37 2.70 0.39 2.54 0.44 2.00 0.38
Sample Variance 328 0.14 2.46 0.15 2J2 0.19 128 0.15
Range 328 1.22 3.18 1J2 2J8 1.32 228 1.40
Minimum 3A8 2.88 2.82 2.46 2A8 228 222 1.88
Maximum 322 4.10 2.88 3.74 2.42 3.60 1.92 328
Count 4.08 15 3.48 15 3.60 15 228 15
3.94 3.48 3.20 228
3.74 3.20 222 2.54
3.90 3.54 3.16 2.56
4.10 3.72 3J2 2.40
4.10 3.74 3.46 2.54
4.02 3.60 3.24 222
225
38 -Domestic areas groundwater- Makarfi Road Rigasa -  Turbidity (NTU)
DMGW -MRR
RW- Tur PI -Tur P2- Tur FW- Tur
33.60 20.00 11.84 7.20
Mean 42.20 71.93 22.60 53.55 11.94 37.01 820 8.04
Median 44.20 77.20 20.80 63.20 13.30 43.80 6.80 8.16
Standard Deviation 56.60 19.02 30.60 20.79 15.00 18.62 7.42 0.59
Sample Variance 64.60 361.86 37.00 432.42 18.20 346.58 8.80 0.35
Range 77.20 58.00 60.60 55.40 28.40 46.36 8.40 2.14
Minimum 76.60 33.60 61.20 20.00 36.00 11.84 8.20 6.80
Maximum 83.40 91.60 63.20 75.40 47.20 58.20 7.70 8.94
Count 77.20 15 6320 15 43.80 15 7.70 15
84.00 66.40 56.00 7.94
85.60 70.60 58.20 828
86.60 67.80 53.20 826
8520 70.40 53.20 826
8920 72.80 50.80 824
91.60 75.40 58.00 826
39 -Domestic areas groundwater- Makarfi Road Rigasa -  Faecal coliforms (cfu/lOOmL)
DMGW - MRR
RW- FC PI -FC P2- FC FW- FC
16.00 11.50 6.50 4.50
Mean 22.50 56.57 16.00 43.87 8.00 29.90 4.50 6.67
Median 15.00 79.50 11.50 61.00 12.00 13.50 4.50 5.00
Standard Deviation 20.50 3526 15.50 2822 9.50 21.77 4.50 2.45
Sample Variance 20.50 1285.89 16.50 836.52 11.50 474.04 4.50 5.99
Range 23.50 82.00 16.00 69.00 13.50 56.50 5.00 6.50
Minimum 20.50 15.00 14.00 11.50 10.00 6.50 4.50 4.50
Maximum 8820 97.00 61.00 80.50 13.50 63.00 5.00 11.00
Count 90.00 15 71.50 15 52.00 15 8.50 15
85.00 70.50 51.50 &20
79.50 61.50 48.00 8.00
87.50 65.50 45.50 11.00
90.00 72.00 51.00 11.00
92.50 74.50 53.00 7.50
97.00 80.50 63.00 8.50
226
40 - Commercial areas groundwater- New Panteka -  pH
CMGW-NPK RW-pH PI -pH P2-pH FW - pH
Mean 728 7.45 7.20 7.26 7.22 7.23 7.10 7.08
Median 7.42 7.46 7.15 7.27 7.24 7.24 7.14 7.11
Standard Deviation 7.50 0.16 7.21 0.14 7.22 0.16 7.01 0.16
Sample Variance 7.22 0.03 7.11 0.02 626 0.02 6.81 0.02
Range 7.17 0.52 7.05 0.48 623 0.59 6.74 0.58
Minimum 7.19 7.17 7.08 7.05 726 623 7.06 6.74
Maximum 726 7.69 7.21 7.53 7.42 7.42 7.32 7.32
Count 7.42 15 7.27 15 7.37 15 7.24 15
7.55 7.35 7.25 6.95
7.46 7.33 7.15 7.06
7.55 7.42 7.25 7.14
726 7.53 7.37 7.16
7.53 7.42 7.21 7.11
7.64 7.36 7.35 7.26
7.69 7.27 7.22 7.14
41- Commercial areas groundwater- New Panteka -  Temperature (°C)
CMGW-NPK RW - Temp PI - Temp P2- Temp FW - Temp
26.24 26.20 25.40 2R20
Mean 27.58 24.43 27.04 24.57 26.74 24.66 26.46 25.05
Median 27.18 25.50 26.34 2522 26.66 25.50 2628 25.78
Standard Deviation 26.74 229 26.92 2.35 27.40 2.23 27.50 2.24
Sample Variance 24.72 6.73 24.66 5.53 2528 4.99 25.54 5.03
Range 22.02 822 2228 7.60 22.04 7.50 22.70 7.90
Minimum 2228 19.06 23.22 19.44 2278 19.90 2326 20.30
Maximum 22.44 27.58 2226 27.04 23.08 27.40 23.40 2820
Count 19.92 15 20.24 15 21.50 15 21.72 15
19.06 19.44 19.90 20.30
25.50 25.52 25.54 25.86
25.94 26.24 26.50 26.76
25.76 25.94 25.98 26.22
25.50 25.70 25.56 25.78
2422 25.30 25.50 25.56
227
42 - Commercial areas groundwater- New Panteka -  Electrical conductivity (pS/cm)
CM G W -N PK RW -EC PI -EC P2-EC FW -EC
274.40 265.20 284.40 259.60
Mean 277.40 376.19 265.00 344.03 245.40 353.61 244.80 388.88
Median 318.80 354.00 246.20 325.80 281.40 347.00 325.00 366.00
Standard Deviation 556.00 89.48 489.20 73.50 458.80 66.02 517.80 84.36
Sample Variance 560.20 8007.14 486.00 5402.52 469.80 4358.45 527.00 7117.04
Range 292.00 285.80 286.20 243.00 301.20 224.40 341.40 282.20
Minimum 313.60 274.40 304.00 246.20 311.00 245.40 328.20 244.80
Maximum 327.20 560.20 320.20 489.20 326.20 469.80 361.00 527.00
Count 354.00 15 319.60 15 347.00 15 366.00 15
336.40 325.80 325.60 361.20
408.20 380.00 372.00 426.40
384.40 340.20 377.40 457.00
387.00 354.20 387.60 451.40
407.60 374.80 391.20 417.40
445.60 403.80 425.20 449.00
43 - Commercial areas groundwater- New Panteka -  Total dissolved solids (mg/L)
CM G W -N PK
R W -
TDS
PI - 
TDS
P2 - 
TDS
F W -
TDS
136.00 134.60 141.80 129.80
Mean 138.80 183.21 133.20
166.0
9 121.60 175.81 123.00 199.52
Median 157.20 173.40 126.20
161.8
0 150.40 173.80 166.20 191.60
Standard
Deviation 229.60 33.90 219.60 31.04 233.40 31.75 266.60 43.80
Sample Variance 244.40
1149.4
2 230.60
963.4
9 229.20
1008.3
2 267.80
1918.2
0
Range 151.00 108.40 143.60
104.4
0 147.00 111.80 170.60 144.80
Minimum 162.00 136.00 154.80
126.2
0 162.40 121.60 172.40 123.00
Maximum 169.00 244.40 161.80
126.2
0 167.60 233.40 184.80 267.80
Count 186.40 15 169.20 15 173.80 15 191.60 15
173.40 163.40 166.00 186.80
213.00 169.80 175.20 222.20
171.60 146.00 185.20 234.80
180.60 155.40 179.20 224.80
209.60 179.40 185.80 219.20
225.60 203.80 218.60 232.20
228
44 - Commercial areas groundwater- New Panteka -  Dissolved oxygen (mg/L)
CMGW-NPK RW-DO PI - DO P 2-D 0 FW- DO
5.40 5.08 5.53 528
Mean 5.64 6.91 5.12 623 5.41 6.15 5.61 5.34
Median 5.93 7.18 5.18 6.44 5.52 6.20 4.97 5.19
Standard Deviation 4.67 1.39 4 j# 1.12 5.05 0.70 4.44 0.62
Sample Variance 5.02 1.92 5.25 1.25 5.29 0.49 4.75 0.39
Range 6.90 4.90 5.56 3.41 6.00 2.34 4.72 2.49
Minimum 9^8 4.67 827 426 7.39 5.05 5.47 4.44
Maximum 8.77 R58 7.16 827 6.94 7.39 5.19 622
Count 7jG 15 7.20 15 6.31 15 5.16 15
722 7.04 6.63 4.87
7.18 625 6.20 5.18
7.27 6.44 6.25 5.24
6 j# 6.53 6.18 522
7.18 6.74 6.42 6.05
8.21 8.14 7.17 6.93
45 - Commercial areas groundwater- New Panteka -  Biochemical oxygen demand (mg/L)
CMGW-NPK RW - BOD PI - BOD P2 - BOD FW - BOD
223 1.85 2.39 2.15
Mean 228 3.42 2.45 3.05 2.71 3.12 22^ 2 j#
Median 224 3.37 2.41 3.11 3.16 3.16 3.34 220
Standard Deviation 2.64 0.61 2.57 0.61 3.81 0.46 2.94 0.45
Sample Variance 2.72 0.38 2.53 0.37 2.69 0.21 2.42 0.21
Range 4.23 1.60 3.95 2.27 3.81 1.57 2.00 1.35
Minimum 3.37 223 3.07 1.85 299 229 2.47 2.00
Maximum 329 4.23 3.15 4.12 2.92 3.95 2.30 3.35
Count 327 15 3.11 15 2.72 15 2.17 15
3.21 3.03 220 2.27
4.16 3.23 3.19 3.10
4.14 3.40 3.17 2.94
3.75 3.43 3.18 2.80
3.94 3.47 3.32 3.05
4.21 4.12 3.95 3.35
229
46 - Commercial areas groundwater- New Panteka -  Turbidity (NTU)
CMGW-NPK
RW-
Tur
PI - 
Tur
P2-
Tur
FW-
Tur
241.00 234.20 228.60 19.80
Mean 437.40 436.35 354.00 375.31 160.60 285.83 18.60
14.9
0
Median 462.00 445.80 356.20 356.20 156.00 277.20 11.40
13.2
0
Standard
Deviation 738.00 129.15 611.20 115.96 314.00 91.39 24.60 5.06
Sample Variance 654.80
16679.7
3 608.00
13446.8
6 495.00
8352.9
6 16.00
25.6
4
Range 267.20 497.00 205.60 405.60 166.60 339.00 17.20
15.7
2
Minimum 357.20 241.00 296.40 205.60 243.20 156.00 8 j# 8.88
Maximum 361.80 738.00 290.80 611.20 253.00 495.00 9J2
24.6
0
Count 356.60 15 303.40 15 265.20 15 24.40 15
361.60 313.60 277.20 12.60
464.80 407.40 339.40 10.72
459.80 417.00 346.20 13.20
445.80 407.40 356.00 10.58
462.60 418.00 321.40 13.20
474.60 406.40 365.00 13.00
47 - Commercial areas groundwater- New Panteka -  Faecal coliforms (cfu/lOOmL)
CMGW-NPK R W -F C P I -F C P2 - FC F W -F C
238.00 95.00 73.00 30.50
Mean 210.00 223.50 81.00 151.80 46.00 117.43 25.00 11.43
Median 219.50 218.50 100.00 169.50 32.50 148.00 8.50 9.50
Standard Deviation 254.00 19.70 213.00 55.41 178.50 55.07 10.00 6.96
Sample Variance 223.50 388.11 203.00 3069.99 149.00 3032.42 7.00 48.46
Range 198.50 65.00 64.50 165.00 44.50 146.00 6.50 24.50
Minimum 202.50 198.50 67.50 64.50 40.00 32.50 6.00 6.00
Maximum 218.50 263.50 149.00 229.50 97.00 178.50 8.00 30.50
Count 208.50 15 169.50 15 148.00 15 7.00 15
207.00 167.00 147.00 13.00
211.00 190.00 149.50 9.50
217.50 187.50 156.50 10.00
231.50 177.00 163.00 9.00
249.00 183.50 163.50 10.50
263.50 229.50 173.50 11.00
230
48 - Commercial areas groimdwater- Arochukwu/ Junetion Road -  pH
CMGW-AJR RW-pH PI -pH P2-pH FW-pH
6.30 7.10 7.74 7.48
Mean 636 7.13 7.22 7.32 7.92 7.63 7.46 7.81
Median 6.50 7.40 7.40 738 7.54 7.64 7.44 7.84
Standard Deviation 6.42 0.54 7.26 0.17 7.62 0.19 7.48 0.39
Sample Variance 632 0.29 7.54 0.03 7.72 0.04 838 0.15
Range 7.10 1.40 7.10 0.60 7.50 0.62 7.20 1.18
Minimum 7.44 6.30 738 7.10 738 7.30 736 7.20
Maximum 7.62 7.70 7.26 7.70 7.50 7.92 7.84 838
Count 7.70 15 7.20 15 7.40 15 7.60 15
738 7.20 7.30 7.48
7.52 7.50 7.64 830
7.40 7.30 7.70 7.90
7.50 7.30 7.82 8.18
7.70 7.50 7.76 832
7.50 7.70 7.90 830
49 - Commercial areas groundwater- Arochukwu/ Junction Road -  Temperature (°C)
CMGW - AJR RW - Temp PI - Temp P2 - Temp FW - Temp
22.90 2238 22.96 23.14
Mean 21.70 24.70 21.80 24.85 22.14 24.95 21.98 25.15
Median 21.72 2532 21.78 2532 21.98 25.94 22.14 2636
Standard Deviation 21.74 2.05 21.98 2.11 21.96 2.09 22.12 2.14
Sample Variance 21.88 4.19 21.84 4.45 21.96 4.35 22.24 4.56
Range 25.30 5.00 25.30 5.12 25.40 5.14 25.54 5.32
Minimum 25.42 21.70 25.62 21.78 25.60 21.96 25.90 21.98
Maximum 26.06 26.70 26.26 26.90 26.06 27.10 26.26 27.30
Count 25.62 15 25.82 15 25.94 15 26.30 15
26.10 26.30 26.50 26.70
25.64 25.86 26.10 26.30
26.50 26.70 2632 27.10
26.52 26.78 27.10 27.30
26.66 26.90 26.70 26.90
26.70 26.90 27.10 27.30
231
50 - Commercial areas groundwater- Arochukwu/ Junction Road -  Electrical conductivity (pS/cm)
CMGW-AJR
RW-
EC
P l-
EC
P12-
EC
FW-
EC
432.40 414.80 360.40 325.00
Mean 457.40 446.45 420.00 420.31 367.80 417.60 340.60 436.24
Median 446.40 446.40 413.00 417.20 376.80 427.20 354.00 455.40
Standard Deviation 431.20 18.78 405.40 14.30 389.80 35.90 361.00 60.41
Sample Variance 416.20 352.72 394.60 204.45 382.60 1288.61 431.00
3649.3
7
Range 426.00 65.20 409.40 52.00 391.60 109.80 455.40 170.20
Minimum 439.20 416.20 407.60 394.60 430.60 360.40 451.40 325.00
Maximum 431.40 481.40 414.60 446.60 427.20 470.20 456.40 495.20
Count 435.00 15 417.20 15 426.20 15 451.40 15
451.20 431.40 436.80 463.40
453.20 424.80 448.60 476.40
465.60 435.40 449.60 495.20
477.20 441.40 454.00 492.80
481.40 446.60 470.20 495.20
453.00 428.40 451.80 494.40
51 - Commercial areas groundwater- Arochukwu/ Junction Road -  Total dissolved solids (mg/L)
CMGW-AJR
RW-
TDS
PI - 
TDS
P2 - 
TDS
FW-
TDS
215.60 209.60 181.20 163.80
Mean 238.40 236.64 222.20 215.79 189.20 211.15 166.00 224.87
Median 243.40 235.60 213.40 214.80 195.60 224.40 174.00 235.00
Standard Deviation 233.80 10.38 210.80 5.17 192.20 22.29 172.20 36.11
Sample Variance 226.20 107.81 209.60 26.77 186.00 497.00 234.80
1303.6
8
Range 234.20 39.80 209.20 15.00 171.40 63.20 233.20 99.20
Minimum 234.40 215.60 216.80 209.20 231.60 171.40 246.20 163.80
Maximum 226.00 255.40 214.40 224.20 225.00 234.60 232.00 263.00
Count 232.80 15 212.60 15 218.20 15 239.20 15
236.40 219.40 224.60 235.00
237.60 215.20 231.80 263.00
244.60 222.40 224.40 252.60
255.20 222.20 232.80 252.80
255.40 224.20 234.60 254.80
235.60 214.80 228.60 253.40
232
52 - Commercial areas groimdwater- Arochukwu/ Junction Road -  Dissolved oxygen (mg/L)
CMGW-AJR RW-DO PI-D O P2-DO FW-DO
5.70 6.80 7.76 228
Mean 5.50 6.27 6^2 6.13 7.58 6.18 4.14 4.55
Median 5.50 6.42 6.14 6.14 7.26 5.88 3.80 4.90
Standard Deviation 5J6 0.62 53# 0.48 7.00 0.87 4.64 0.81
Sample Variance 5.94 038 632 0.23 6.44 0.77 3.90 0.66
Range 6.94 2.10 6.08 1.84 5.80 322 4.48 3.20
Minimum 6.76 5.36 6.46 4.96 6.04 4.54 5.48 228
Maximum 6j& 7.46 6.32 6.80 5.88 7.76 5.04 5.48
Count 6.42 15 5.84 15 5.72 15 5.06 15
6.46 5.58 5.64 4.98
7.46 6.76 5.72 528
6^2 6.20 6.16 5.14
6J6 6.04 5.50 438
6.30 5.82 5.70 4.90
5.76 4.96 4.54 4.10
53 - Commercial areas groundwater- Arochukwu/ Junction Road -  Biochemical oxygen demand 
(mg/L)
CMGW-AJR RW-BOD PI - BOD P2 -BOD FW - BOD
330 4.10 438 1.26
Mean 3.96 3.60 4.66 3.34 4.58 3.38 2.24 2.19
Median 4.16 3.54 4.30 326 4.26 3.12 1.98 2.24
Standard Deviation 3.42 0.36 330 0.67 4.14 0.75 243 0.47
Sample Variance 3.48 0.13 3#6 0.45 3^3 0.57 2.00 0.23
Range 3.90 1.38 3.10 2 j3 2.94 2.78 2.48 1.68
Minimum 3.58 228 326 2.18 2.94 2.10 2.48 1.26
Maximum 3.88 4.16 3.30 4.66 2.94 438 1.50 2.94
Count 3.40 15 2.98 15 322 15 238 15
3.36 2.50 326 2.94
4.08 3.40 3.12 230
3.54 3.16 3.10 2.14
3.42 3.00 222 222
3.24 2.76 2.84 1.98
2.78 2.18 2.10 1.62
233
54 - Commercial areas groundwater- Arochukwu/ Junction Road -  Turbidity (NTU)
CMGW - AJR RW  - T u r P I  - T u r P2 - T u r FW  - T ur
47.40 38.60 19.60 238
Mean 52.00 37.49 36.40 26.36 22.60 19.41 3.36 7.19
Median 57.80 34.40 44.20 23.80 2830 18.00 4.64 638
Standard Deviation 66.80 13.50 49.40 11.36 49.40 10.03 7.50 3.24
Sample Variance 31.20 182.17 2330 129.08 18.00 100.62 12.40 10.51
Range 21.00 45.80 19.00 35.14 13.80 40.08 7.84 11.92
Minimum 30.60 21.00 17.00 14.26 9.78 9.32 636 238
Maximum 23.20 66.80 14.80 49.40 23.20 49.40 14.80 14.80
Count 26.00 15 14.26 15 9.32 15 4.56 15
25.00 15.20 17.60 8.50
27.80 14.60 9.56 732
34.40 23.80 11.44 7.32
39.40 28.20 19.00 6.44
40.20 2730 21.00 6.18
39.60 28.40 18.00 6.42
55 - Commercial areas groundwater- Arochukwu/ Junction Road -  Faecal coliforms (cfu/lOOmL)
CM G W -A JR
RW-
FC
P I -
FC
P2 - 
FC
FW-
FC
151.50 118.50 99.50 29.50
Mean 166.00 217.90 130.00 181.17 104.00
151.2
7 38.50 19.23
Median 181.00 223.50 139.00 187.50 114.00
152.5
0 35.00 10.50
Standard
Deviation 190.50 34.33 144.50 37.17 131.00 30.18 36.00 14.23
Sample Variance 195.50
1178.7
2 150.00
1381.3
5 143.00
911.1
0 48.00
202.3
5
Range 213.00 109.00 191.50 113.50 163.50 98.00 21.50 42.50
Minimum 223.50 151.50 185.50 118.50 152.50 99.50 10.00 5.50
Maximum 230.00 260.50 189.50 232.00 152.50
197.5
0 10.50 48.00
Count 223.50 15 176.50 15 143.50 15 9.50 15
229.00 187.50 150.00 11.00
241.00 203.50 170.00 10.00
253.50 218.00 174.00 9.50
260.50 229.50 177.00 8.00
249.50 222.00 197.00 6.00
260.50 232.00 197.50 5.50
234
56 - Commercial areas groundwater- Asekolaye Badiko -  pH
CMGW-ABD RW-pH PI -pH P2-pH FW-pH
6.02 7.26 834 7.60
Mean 636 6.74 7.56 7.34 7.84 7.59 7.40 7.75
Median 6.42 6.64 7.32 7.32 8.10 7.56 8.46 7.64
Standard Deviation 638 0.45 7.42 0.27 7.56 0.31 836 0.38
Sample Variance 6#2 0.20 738 0.07 7.70 0.10 7.90 0.14
Range 6.48 1.72 7.46 1.04 7.66 1.14 7.80 1.30
Minimum 6.56 6.02 7.02 638 738 7.20 7.64 7.16
Maximum 6.70 7.74 7.02 8.02 7.30 8.34 7.54 8.46
Count 6.64 15 638 15 7.20 15 7.48 15
638 7.10 738 7.56
6.90 7.30 7.50 7.90
638 7.34 7.56 836
7.26 7.42 7.60 7.84
7.46 7.60 7.26 7.36
7.74 8.02 7.44 7.16
57 - Commercial areas groundwater- Asekolaye Badiko -  Temperature (°C)
CMGW - ABD RW - Temp PI - Temp P2 - Temp FW - Temp
27.82 28.34 2838 29.30
Mean 28.50 28.12 28#6 28.37 2832 28.49 29.30 28.81
Median 28.30 28.10 28#6 28.34 28#2 28.62 28.94 28.94
Standard Deviation 28.10 0.52 2836 0.50 28.14 0.48 2830 0.57
Sample Varianee 27.50 0.27 27.70 0.25 27.90 0.23 28.10 0.32
Range 27.94 1.58 28.12 1.62 27.94 1.40 2832 1.56
Minimum 27.58 28.12 27.78 27.70 27.90 27.90 2834 28.10
Maximum 27.48 29.06 27.84 29.32 28.06 29.30 28.12 29.66
Count 27.50 15 27.82 15 28.06 15 28.30 15
27.66 27.90 28.10 2830
28.50 28.70 28.90 29.10
28.58 28.84 2834 29.66
28.60 28.72 2832 29.10
29.06 29.32 29.30 29.50
28.66 28.92 28.94 29.42
235
58 - Commercial areas groundwater- Asekolaye Badiko -  Electrical conductivity (pS/cm)
CMGW - ABD R W -E C P I -EC P2 -EC F W -E C
332.00 368.40 433.80 439.00
Mean 372.60 341.20 358.00 330.47 351.20 360.51 388.40 384.60
Median 352.20 334.20 363.20 330.60 426.20 346.80 444.00 388.40
Standard Deviation 323.80 21.01 314.60 23.32 414.20 47.56 427.20 39.85
Sample Variance 320.20 441.34 315.00 543.78 413.00 2261.69 419.80 1588.42
Range 319.40 65.00 294.40 75.00 411.80 152.20 415.80 120.20
Minimum 314.60 314.60 293.40 293.40 281.60 281.60 324.40 323.80
Maximum 321.00 379.60 327.40 368.40 336.20 433.80 354.00 444.00
Count 327.60 15 308.20 15 311.20 15 330.00 15
334.20 320.60 308.60 323.80
350.00 330.60 345.20 371.60
351.80 335.00 342.00 375.20
353.00 347.00 346.80 390.80
366.00 334.40 330.80 391.60
379.60 346.80 355.00 373.40
59 - Commercial areas groundwater- Asekolaye Badiko -  Total dissolved solids (mg/L)
CMGW - ABD RW - TDS P I -TD S P2 - TDS FW - TDS
165.00 184.00 216.60 222.80
Mean 185.20 173.40 172.40 166.71 156.20 176.59 192.60 197.65
Median 174.40 172.20 183.40 170.40 216.20 173.80 232.20 194.20
Standard Deviation 169.40 11.40 158.00 11.12 207.00 28#6 218.60 20.31
Sample Variance 162.20 129.99 152.60 123.66 211.80 821.61 216.80 412.35
Range 159.40 37.00 153.80 36.40 213.80 72.60 215.40 65.40
Minimum 154.40 154.40 147.60 147.60 145.60 144.00 167.20 166.80
Maximum 162.60 191.40 170.40 184.00 173.80 216.60 194.20 232.20
Count 169.80 15 159.40 15 158.60 15 170.20 15
172.20 159.80 148.40 166.80
181.40 166.20 175.80 192.60
181.00 170.80 144.00 193.20
185.60 176.20 149.00 196.60
187.00 170.40 155.20 198.40
191.40 175.60 176.80 187.20
236
60 - Commercial areas groundwater- Asekolaye Badiko -  Dissolved oxygen (mg/L)
CMGW-ABD RW-DO PI-D O P2 -DO FW-DO
7.32 6 j# 6J6 5.94
Mean 6.18 7.09 5j% 6.79 5.30 6.47 4.64 5.95
Median 7.20 7.20 7.36 6.84 6.42 6.70 6.46 6.16
Standard Deviation 7.40 0.37 7.18 0.48 6jW 0.47 6.16 0.54
Sample Variance 7.42 0.14 6.64 0.23 6.74 0.23 6.26 0.30
Range 7.02 1.28 6.74 1.62 6.80 1.76 6.20 1.96
Minimum 6J6 6.18 5.74 5.74 5.80 5.30 5.50 4.64
Maximum 6.64 7.46 6.62 7.36 6.04 7.06 5.16 6.60
Count 7.22 15 7.30 15 6.70 15 6.34 15
7.14 7.16 7.06 6.60
7.06 6.64 6.72 6.40
7.02 6.64 6J# 5 j#
7.46 6.84 6.86 6.30
7.36 7.20 6.30 548
7.40 &96 6.84 5.90
61 - Commercial areas groundwater- Asekolaye Badiko -  Biochemieal oxygen demand (mg/L)
CMGW-ABD RW - BOD PI-BOD P2 - BOD FW-BOD
3.90 3#2 3.34 298
Mean 3.14 3.65 2.70 3.34 2J# 3.09 1.98 2.54
Median 4.12 3.76 4.20 3.56 3.42 3.14 3.38 2.46
Standard Deviation 4.26 0.42 4.04 0.57 3.76 0.47 3.10 0.47
Sample Variance 4.18 0.18 3.56 0.33 3.54 0.22 296 0.22
Range 3.88 1.22 3.58 1.66 3#6 1.50 3.02 1.54
Minimum 3.44 3.04 2.54 2.54 2.60 2.26 2.24 1.84
Maximum 3.42 4.26 3.36 4.20 3.02 3.76 2.02 3.38
Count 3.50 15 3.20 15 276 15 2.24 15
3.86 3.90 2.98 2.50
3.06 262 3.22 2.46
3.04 2.58 2.30 1.84
3.18 2.72 2j% 2.20
4.00 3.76 3.14 2.40
3.76 3.66 3.56 2.84
237
62 - Commercial areas groundwater- Asekolaye Badiko -  Turbidity (NTU)
CMGW-ABD RW -Tur PI - Tur P2 - Tur FW - Tur
91.60 72.00 48.00 7.36
Mean 79.00 86.97 67.20 73.95 61.80 60.05 &46 826
Median 89.60 87.20 79.60 73.00 52.40 58.60 7.92 8 j#
Standard Deviation 83.80 4.06 70.80 5.14 54.80 6.42 6 j# 1.00
Sample Variance 86.20 16.51 70.60 26.40 57.00 41.25 6.72 1.01
Range 80.20 14.00 66.80 17.40 58.60 22.40 7.36 328
Minimum 8280 79.00 70.00 66.80 56.60 48.00 7.18 6.72
Maximum 86.60 93.00 73.80 84.20 66.20 70.40 10.50 10.50
Count 8&80 15 73.00 15 67.80 15 8.44 15
87.80 73.20 58.60 8.92
87.20 71.60 57.80 8.76
90.60 75.40 5&80 8.68
8&80 80.00 61.80 8.66
93.00 84.20 70.20 9.08
89.60 81.00 70.40 8.84
63 - Commercial areas groundwater- Asekolaye Badiko -  Faecal coliforms (cfu/lOOmL)
CMGW-ABD RW -FC PI -FC P2 -FC FW -FC
272.50 188.00 93.50 7.50
Mean 239.50 243.00 188.50 211.73 85.00 141.73 6.00 6.40
Median 265.00 239.50 194.50 210.00 94.50 129.00 7.50 6.00
Standard Deviation 249.00 17.45 199.50 17.17 101.00 49.52 7.50 1.12
Sample Variance 224.50 304.64 197.50 294.85 101.00 2452.03 6.50 1.26
Range 231.50 53.00 210.00 55.50 104.50 139.00 6.00 3.50
Minimum 222.50 219.50 205.00 188.00 117.00 85.00 5.50 5.00
Maximum 237.50 272.50 208.50 243.50 129.00 224.00 5.50 8.50
Count 219.50 15 216.00 15 139.00 15 5.00 15
228.50 216.00 150.50 5.00
233.00 216.00 158.50 5.00
241.50 223.50 201.00 6.00
249.50 229.50 208.50 7.00
262.50 243.50 219.00 7.50
268.50 240.00 224.00 8.50
238
64 - Commercial areas groimdwater- Unguwan Malam Yau -  pH
CMGW-UMY RW-pH PI-pH P2-pH FW-pH
7.22 7.16 7.16 7.46
Mean 7.50 7.56 7.30 8J6 7.40 7.37 7.70 7 j#
Median 7.20 7.56 7.34 7.34 7.78 7J8 8.02 7 j#
Standard Deviation 7.46 0.21 7.34 3#6 7.02 0.31 7.02 0.48
Sample Variance 7.90 0.04 21.48 13.41 7.32 0.10 7.50 0.23
Range 7.90 0.70 7.70 14.64 7.10 1.08 7.30 1.58
Minimum 7.46 7.20 6jW 6.84 7.10 7.02 7.34 7.02
Maximum 7.56 7.90 7.34 21.48 7.16 8.10 8.02 8.60
Count 7.36 15 7.26 15 7.40 15 8.16 15
7.58 7.34 7J8 7.98
7.62 7.24 7^2 8.16
7.54 7.48 8.10 8J6
7#8 7.34 7J8 8.42
7.80 7.44 7J8 8.60
7.58 7.26 7.10 7.60
65 - Commercial areas groundwater- Unguwan Malam Yau -  Temperature (°C)
CMGW - UMY RW - Temp PI - Temp P2 - Temp FW - Temp
29.84 30.06 30.16 30.48
Mean 30.28 34.85 30.98 30.75 31.92 31.01 3222 31.29
Median 29.56 30.72 30.10 30.94 30.12 31.10 30.50 31.60
Standard Deviation 30.06 15.45 30.10 1.71 30.30 1.72 30.68 1.70
Sample Variance 30.10 238.75 30.38 2.93 30.70 296 30.94 289
Range 30.66 61.06 25.27 7.07 31.10 6.91 31.62 6.83
Minimum 90.62 29 J6 30.90 25.27 31.30 25.59 31.60 25.87
Maximum 30.58 90.62 30.90 32.34 31.10 32.50 31.30 32.70
Count 30.72 15 30.94 15 31.10 15 31.30 15
30.74 31.10 25.59 25.87
31.58 31.86 32.16 32.30
31.84 31.86 32.28 32.50
31.90 32.10 32.30 32.62
32.18 32.34 32.50 32.70
32.14 32.30 32.50 32.70
239
66 - Commercial areas groundwater- Unguwan Malam Yau -  Electrical conductivity (pS/cm)
CM G W -UM Y R W -E C P I -EC P2 -EC FW  -EC
405.60 401.60 388.40 412.80
Mean 421.20 431.59 392.60 404.09 407.00 398.75 445.40 444.27
Median 412.60 428.20 407.60 408.60 395.60 412.60 448.60 448.60
Standard Deviation 428.20 21.57 408.60 25.53 415.20 49.42 432.60 40.97
Sample Varianee 422.40 465.06 409.40 651.76 438.00 2442.28 470.20 1678.61
Range 436.00 71.20 420.80 92.20 411.40 189.00 447.40 168.80
Minimum 450.00 400.40 415.20 348.00 412.60 260.00 475.00 319.40
Maximum 400.40 471.60 348.00 440.20 260.00 449.00 319.40 488.20
Count 408.80 15 357.20 15 312.60 15 424.00 15
418.40 383.80 394.60 426.40
441.20 406.00 421.20 460.20
445.00 419.00 428.00 474.60
471.60 440.20 449.00 488.20
465.20 438.00 426.40 472.60
447.20 413.40 421.20 466.60
67 - Commercial areas groundwater- Unguwan Malam Yau -  Total dissolved solids (mg/L)
CMGW - UMY RW - TDS P I -TD S P2 - TDS FW - TDS
208.40 205.20 198.60 208.00
Mean 225.00 223.05 204.80 205.89 210.00 203.43 235.00 229.53
Median 210.60 224.60 208.20 209.80 203.20 210.60 234.20 236.40
Standard Deviation 224.20 10.72 209.80 14.40 206.60 24.12 221.00 19.24
Sample Variance 219.60 115.03 212.80 207.44 221.80 581.87 239.00 370.36
Range 231.20 35.80 216.00 47.00 212.20 91.40 239.20 76.20
Minimum 230.80 205.80 213.00 178.00 210.60 136.00 242.00 174.40
Maximum 205.80 241.60 180.60 225.00 136.00 227.40 174.40 250.60
Count 214.00 15 182.20 15 162.40 15 218.20 15
214.00 178.00 195.20 218.80
224.60 208.20 215.20 236.40
228.20 211.60 218.60 244.00
241.60 225.00 227.40 250.60
237.60 222.60 218.40 243.00
230.20 210.40 215.20 239.20
240
68 - Commercial areas groundwater- Unguwan Malam Yau -  Dissolved oxygen (mg/L)
CMGW-UMY RW-DO PI-D O P2 -DO FW-DO
6.70 638 538 532
Mean 6.34 6.55 5.78 6.07 5.74 5.78 5.06 539
Median 632 6.64 5.56 6.04 538 5.76 4.96 538
Standard Deviation 6^ W 0.33 5.64 0.35 5.76 0.29 538 0.35
Sample Variance 6.70 0.11 5.92 0.12 538 0.08 5.62 0.12
Range 6.06 1.00 5.72 1.06 5.20 1.08 4.86 1.20
Minimum 638 6.06 6.44 5.56 533 5.20 5.74 4.66
Maximum 6.64 7.06 6.62 6.62 638 638 5.68 536
Count 7.06 15 6.50 15 632 15 536 15
6.80 6.14 6.06 5.30
638 6.54 536 5.48
6.94 6.10 5.76 538
6.34 6.04 538 5.36
636 5.92 5.48 433
632 5.78 5.48 4.66
69 - Commercial areas groundwater- Unguwan Malam Yau -  Bioehemical oxygen demand (mg/L)
CMGW - UMY RW-BOD PI - BOD P2-BO D FW-BOD
3.02 2.90 2.54 2.16
Mean 2.88 3.24 2.54 237 2.84 2.69 2.02 2.18
Median 2.90 3.08 2.40 230 2.76 2.74 1.92 2.18
Standard Deviation 232 0.35 2.42 0.34 2.60 0.33 2.18 0.33
Sample Variance 3.46 0.13 230 0.12 233 0.11 2.54 0.11
Range 3.02 0.96 2.64 1.02 2.12 1.08 1.78 1.12
Minimum 2.90 232 238 2.40 2.10 2.10 1.82 1.64
Maximum 3.54 338 3.42 3.42 3.18 3.18 232 2.76
Count 3.78 15 3.40 15 3.14 15 2.76 15
3.72 3.08 3.04 236
3.62 3.34 2.74 2.44
3.74 3.06 236 2.24
3.14 2.98 238 2.40
3.04 2.74 236 1.86
3.08 238 2^3 1.64
241
70 - Commercial areas groimdwater- Unguwan Malam Yau -  Turbidity (NTU)
CMGW-UMY RW - Tur PI - Tur P2 - Tur FW -Tur
62.20 52.60 42.20 7.60
Mean 70.60 81.11 67.80 65.65 50.60 51.48 8.70 8.45
Median 67.00 79.20 51.20 64.60 46.60 50.60 7.60 832
Standard Deviation 74.20 12.33 64.60 9.80 51.00 9.12 736 0.47
Sample Variance 70.60 151.95 61.20 96.09 50.60 83.09 7.96 0.22
Range 74.60 34.60 57.40 29.20 46.60 31.60 8.78 1.46
Minimum 67.20 62.20 53.60 51.20 44.40 35.80 8.52 7.60
Maximum 79.20 96.80 60.00 80.40 3530 67.40 8.74 9.06
Count 90.60 15 61.00 15 39.80 15 8.36 15
94.80 76.80 67.40 8.62
87.00 72.00 56.00 9.06
9630 77.20 60.80 8.62
93.60 73.60 61.80 8.70
96.40 80.40 57.60 8.80
91.80 75.40 61.00 8.80
71 - Commercial areas groundwater- Unguwan Malam Yau -  Faecal coliforms (cfu/lOOmL)
CMGW-UMY
RW-
FC
PI -
FC
P2 -
FC
FW-
FC
168.00 137.50 91.50 6.50
Mean 184.50 264.57 141.00 223.07 84.50 139.87 7.50 9.50
Median 174.50 224.00 148.50 218.00 84.50 129.00 6.00 9.00
Standard Deviation 204.50 72.31 160.00 67.26 89.50 55.98 7.50 2.19
Sample Variance 219.00 5229.28 159.50 4524.00 129.50 3134.30 9.50 4.79
Range 213.50 181.50 180.00 176.50 129.00 175.00 9.00 6.50
Minimum 221.00 168.00 182.00 137.50 148.00 84.50 12.00 6.00
Maximum 224.00 349.50 218.00 314.00 113.50 259.50 8.00 12.50
Count 331.00 15 274.00 15 100.00 15 9.00 15
338.00 258.50 113.00 8.50
349.50 299.00 147.50 12.50
344.00 297.00 155.50 11.50
348.50 314.00 230.50 12.00
320.50 299.00 222.00 11.00
328.00 278.00 259.50 12.00
242
72 - Domestic areas surface water- Hayin Banki -  pH
DMSW - HBK RW-pH PI -pH P2-pH FW-pH
7.27 7.25 7.24 738
Mean 7.34 7.52 7.25 7.31 7.25 738 7.21 7.12
Median 7.39 7.50 7.12 7.32 7.24 7.25 7.13 7.13
Standard Deviation 7.41 0.16 7.17 0.10 7.21 0.09 7.08 0.01
Sample Variance 7.37 0.02 7.22 0.01 7.21 0.01 &98 0.00
Range 7.50 0.52 7.27 0.34 7.45 0.31 7.24 0.34
Minimum 7.62 7.27 7.32 7.12 7.51 7.20 7.25 6.94
Maximum 7.49 7.79 733 7.46 7.27 7.51 7.00 738
Count 7.68 15 7.46 15 7.33 15 7.06 15
7.53 7.33 7.20 7.03
7.65 739 7.26 7.10
7.79 7.43 7.32 7.16
7.63 7.34 7.26 7.13
7.75 7.44 7.21 6.94
7.43 7.27 7.22 7.14
73 - Domestic areas surfaee water- Hayin Banki -  Temperature (°C)
DMSW - HBK RW- Temp PI- Temp P2- Temp FW- Temp
25.36 25.76 25.44 26.18
Mean 25.86 24.05 26.26 24.31 2638 24.23 24.56 24.46
Median 26.36 25.40 26.14 25.76 25.64 25.44 2538 2538
Standard Deviation 26.10 2.54 25.98 2.42 2536 2.24 24.94 1.94
Sample Variance 26.44 6.45 26.64 5.84 2538 5.02 25.44 3.77
Range 21.06 6.94 21.62 633 21.36 5.90 23.76 6.14
Minimum 21.60 19.50 21.78 19.72 21.36 20.34 21.76 20.26
Maximum 22.06 26.44 2232 26.64 2238 26.24 23.10 26.40
Count 19.50 15 20.30 15 2038 15 21.56 15
19.50 19.72 20.34 20.26
24.56 24.82 25.10 25.62
25.56 25.78 2532 25.94
2332 2&08 26.24 26.40
25.40 25.66 25.72 25.94
25.56 25.80 25.92 26.06
243
74 - Domestic areas surfaee water- Hayin Banki -  Electrical conductivity (pS/cm)
DMSW - HBK RW -EC
PI -
EC
P2-
EC
FW-
EC
190.60 184.20 188.80 218.40
Mean 176.40 303.16 190.20 262.72 212.20 284.92 238.40 318.23
Median 224.20 348.40 220.80 304.80 260.80 322.20 296.60 360.20
Standard
Deviation 196.40 77.40 183.20 60.85 165.60 75.41 205.00 73.26
Sample Variance 212.60 5990.35 191.40 3702.20 181.60 5686.61 211.80 5366.98
Range 369.20 198.60 215.20 147.00 233.20 218.20 271.60 190.40
Minimum 366.40 176.40 225.80 183.20 244.60 165.60 294.60 205.00
Maximum 348.40 375.00 330.20 330.20 344.00 383.80 360.20 395.40
Count 322.00 15 310.60 15 340.20 15 362.60 15
330.80 311.20 337.60 371.40
359.40 306.60 322.20 385.00
352.20 304.80 329.20 379.40
370.20 323.40 383.80 395.40
353.60 314.20 367.80 391.00
375.00 329.00 362.20 392.00
75 - Domestic areas surface water- Hayin Banki -  Total dissolved solids (mg/L)
D M SW -H B K
RW-
TDS
PI -
TDS
P2-
TDS
FW-
TDS
93.60 95.80 91.60 114.00
Mean 86.00 151.60 95.20
133.1
3 109.60 149.41 128.60
162.0
8
Median 109.20 169.40 110.20
150.2
0 134.20 162.60 139.40
161.8
0
Standard
Deviation 108.00 3&45 97.20 2822 90.60 34.56 110.00 30.89
Sample Variance 109.80
1478.6
7 104.00
796.2
9 143.40
1194.3
3 158.20
953.9
8
Range 182.20 105.20 113.40 73.00 122.40 105.40 137.60 92.20
Minimum 186.80 86.00 119.60 95.20 135.40 90.60 151.00
110.0
0
Maximum 169.40 191.20 150.20
168.2
0 162.60 196.00 179.40
202.2
0
Count 155.00 15 152.40 15 170.60 15 184.60 15
172.40 162.40 181.00 193.20
161.80 156.40 162.60 180.40
181.60 155.20 166.40 192.40
191.20 168.20 196.00 202.20
178.80 155.00 186.60 198.40
188.20 161.80 188.20 161.80
244
76 - Domestic areas surfaee water- Hayin Banki -  Dissolved oxygen (mg/L)
DMSW-HBK RW-DO PI - DO P2-D0 FW- DO
4.52 4.35 4.72 538
Mean 4.67 6.21 4.35 6.22 4.73 6.14 4.26 5.26
Median 4.89 5.15 4.24 6.43 4.51 6.61 4.58 538
Standard Deviation 8 j# 1.67 8.46 1.37 7^2 1.12 632 1.07
Sample Variance 9.02 228 8.44 I j# 7.76 1.26 626 1.14
Range 4.52 4.50 6.43 4.22 623 3.31 336 3.21
Minimum 4.65 4.52 6.33 4.24 6.61 4.51 3.41 3.41
Maximum 5.15 9.02 5.71 8 j# 539 732 4.61 632
Count 4.75 15 5.15 15 5.11 15 4.97 15
5.13 5.18 5.01 4.37
7.74 6.56 632 5.77
7.25 7.13 6.64 6.19
7.27 6.95 6.72 6.14
7.31 6.94 639 6.26
7.47 7.14 6.95 6.45
77 - Domestic areas surface water- Hayin Banki -  Biochemical oxygen demad (mg/L)
DMSW - HBK RW- BOD PI - BOD P2- BOD FW- BOD
2.67 138 2.41 236
Mean 2.60 3.26 2.79 3.10 235 3.02 236 2.91
Median 232 3.26 2.03 3.12 236 3.20 236 236
Standard Deviation 4.84 0.86 4.42 0.75 3.60 0.57 4.32 0.68
Sample Variance 4.16 0.75 4.16 0.56 336 0.32 4.12 0.46
Range 228 2.87 2.56 2.54 232 1.62 2.06 229
Minimum 2.14 1.97 2.60 138 238 223 2.07 2.03
Maximum 1.97 4.84 2.28 4.42 228 335 2.37 4.32
Count 326 15 3.12 15 3.20 15 238 15
3.00 3.11 223 2.03
4.23 3.76 3.81 2.94
3.73 3.52 335 3.44
3.76 3.26 322 3.15
3.77 3.30 326 2.91
3.84 3.76 3.22 3.17
245
78 - Domestic areas surface water- Hayin Banki -  Turbidity (NTU)
DMSW-HBK RW- Tur PI -Tur P2- Tur FW- Tur
44.80 40.80 36.40 18.00
Mean 50.60 57.21 43.20 45.49 40.00 36.75 15.20 10.53
Median 68.20 54.80 43.40 43.40 38.40 36.40 933 933
Standard Deviation 55.60 10.80 43.80 7.41 33.20 537 638 6.10
Sample Variance 54.80 116.71 43.20 54.92 35.80 34.47 5.46 37.25
Range 42.40 34.60 39.40 26.00 35.00 22.00 4.64 22.00
Minimum 47.00 42.40 44.20 35.00 35.40 25.60 4.60 4.60
Maximum 53.00 77.00 49.60 61.00 46.00 47.60 5.00 26.60
Count 55.60 15 47.20 15 36.60 15 5.72 15
50.20 35.00 25.60 10.28
52.40 36.80 33.00 9.04
61.40 42.20 27.60 10.30
74.60 56.40 40.00 13.40
77.00 61.00 47.60 26.60
70.60 56.20 40.60 13.40
79 - Domestic areas surface water- Hayin Banki -  Faecal coliforms (cfu/lOOmL)
DMSW-HBK RW-FC PI -FC P2- FC FW- FC
238.00 184.50 154.00 29.00
Mean 223.00 249.97 169.00 188.83 118.50 141.17 12.50 14.07
Median 241.50 241.50 149.50 197.00 89.00 145.50 10.00 12.50
Standard Deviation 189.50 41.54 124.50 42.44 105.00 33.47 12.00 5.49
Sample Variance 179.50 1725.62 117.50 1801.56 93.50 1120.31 10.00 30.10
Range 232.50 128.50 163.50 144.00 137.00 99.50 13.00 21.00
Minimum 214.00 179.50 148.50 117.50 100.00 89.00 8.00 8.00
Maximum 239.50 308.00 197.00 261.50 138.00 188.50 10.50 29.00
Count 244.00 15 204.00 15 188.50 15 23.50 15
247.00 204.00 184.00 16.00
300.00 232.50 176.00 14.00
306.50 229.00 169.50 11.50
289.50 224.50 149.50 12.50
297.00 223.00 145.50 16.00
308.00 261.50 169.50 12.50
246
80 - Domestic areas surface water- Malali/ Badarawa -  pH
DMSW - MBD RW- pH PI -pH P2-pH FW-pH
6.70 7.40 8.50 7.34
Mean 6.98 7.44 7.30 7.66 834 738 7.54 7.94
Median 6.70 7.48 7.20 7.70 8.40 838 7.50 7.70
Standard Deviation 6.54 0.63 6.78 0.40 7.52 0.41 7.26 0.60
Sample Variance 6.58 0.40 7.32 0.16 7.62 0.17 7.54 0.35
Range 7.48 1.92 7.70 1.48 7.42 1.10 7.20 1.50
Minimum 7.70 6.54 7.54 638 7.40 7.40 7.26 7.20
Maximum 8.30 8.46 8.10 836 8.40 8.50 8.70 8.70
Count 8.46 15 836 15 838 15 8.70 15
8.32 8.06 7.50 7.70
7.64 8.02 8.34 &46
736 7.62 8.18 8.50
7.48 738 7.70 8.40
7.62 7.90 7.90 8.50
7.68 7.90 832 &48
81 - Domestic areas surface water- Malali/ Badarawa -  Temperature (°C)
DMSW - MBD RW- Temp PI- Temp P2- Temp FW- Temp
20.46 21.04 21.56 21.82
Mean 21.06 24.48 21.26 24.68 21.44 24.78 21.72 25.05
Median 21.22 25.62 21.46 25.90 21.58 25.90 21.82 26.10
Standard Deviation 21.66 2.41 21.80 238 21.58 238 22.30 2.31
Sample Variance 22.08 533 22.14 5.65 22.06 5.65 22.30 5.34
Range 24.74 6.44 24.94 6.06 24.80 536 2538 538
Minimum 25.62 20.46 25.94 21.04 2536 21.44 25.94 21.72
Maximum 25.50 26.90 25#2 27.10 25.90 27.30 26.10 27.50
Count 25.90 15 25.90 15 25.90 15 26.24 15
25.74 25.94 26.10 26.30
26.54 26.76 27.10 2338
26.90 27.10 27.30 27.50
26.60 2638 26.90 27.10
26.66 26.90 2636 27.10
26.50 26.54 26.70 26.90
247
82 - Domestic areas surface water- Malali/ Badarawa -  Electrical conductivity (pS/cm)
DM SW  - M BD
RW-
EC PI - EC P2- EC FW- EC
322.20 308.80 237.00 307.60
Mean 351.80 425.87 315.00 399.80 246.60 383.71 309.40 427.71
Median 356.00 445.00 325.40 413.80 257.00 424.40 317.60 466.20
Standard Deviation 454.20 44.80 414.00 44.40 257.40 85.36 300.60 74.99
Sample Variance 450.80 2007.18 412.00 1971.03 394.40 7286.24 462.40 5623.45
Range 474.60 152.40 441.80 133.00 454.40 217.40 484.40 189.20
Minimum 452.60 322.20 424.40 308.80 450.20 237.00 477.00 300.60
Maximum 446.40 474.60 421.60 441.80 424.40 454.40 474.60 489.80
Count 440.80 15 406.80 15 417.80 15 453.20 15
424.20 408.60 415.60 466.20
432.40 413.80 425.80 451.40
433.80 413.60 438.40 477.00
445.00 424.80 440.60 467.60
447.80 429.80 443.40 476.80
455.40 436.60 452.60 489.80
83 - Domestic areas surface water- Malali/ Badarawa -  Total dissolved solids (mg/L)
DMSW - MBD
RW-
TDS PI -TDS P2- TDS FW- TDS
161.00 153.80 119.40 157.00
Mean 180.60 215.13 161.20 204.00 124.80 194.91 164.00 220.03
Median 183.40 219.60 167.40 211.80 137.00 213.20 166.80 236.40
Standard Deviation 244.40 24.37 212.40 23.57 135.20 42.29 160.80 36.83
Sample Variance 239.40 594.00 203.80 555.31 200.60 1788.80 234.20 1356.27
Range 250.80 89.80 231.40 77.60 241.20 121.80 252.80 97.60
Minimum 225.60 161.00 215.20 153.80 225.80 119.40 242.40 157.00
Maximum 219.60 250.80 211.80 231.40 213.20 241.20 242.60 254.60
Count 212.40 15 207.00 15 211.20 15 228.60 15
207.40 208.00 210.20 236.40
213.40 210.80 213.40 232.20
216.00 213.20 219.00 242.20
22280 219.40 220.60 239.20
222.80 219.80 222.20 246.60
227.40 224.80 229.80 254.60
248
84 - Domestic areas surface water- Malali/ Badarawa -  Dissolved oxygen (mg/L)
DMSW - MBD RW-DO PI - DO P2- DO FW- DO
5.44 7.74 8.16 4.40
Mean 5.34 5.76 7.12 5.84 7.60 536 3.94 4.16
Median 5J# 538 632 538 7.44 5.76 4.02 4.06
Standard Deviation 5J8 0.54 342 0.89 7.12 1.27 338 0.53
Sample Variance 5J8 0.30 5.62 0.80 6.64 1.62 4.60 0.28
Range 5.62 1.60 4.92 248 4.74 3.80 336 2.14
Minimum 538 5.24 5.02 4.76 4.36 4.36 4.20 3.00
Maximum ' 538 634 4.76 7.74 4.40 8.16 3.00 5.14
Count 5.32 15 4.78 15 4.54 15 3.66 15
5.24 4.92 4.46 3.96
632 538 5.62 4.44
632 5.74 5.30 4.06
634 636 548 5.14
6.46 6.06 5.80 4.50
6.40 6.06 5.76 438
85 - Domestic areas surface water- Malali/ Badarawa -  Biochemical oxygen demand (mg/L)
DMSW - MBD RW- BOD PI BOD P2- BOD FW- BOD
3.24 4.34 4.36 238
Mean 3.14 3.06 4.10 248 4.08 238 2.02 1.87
Median 336 3.24 3.70 3.02 4.08 2.74 2.18 2.02
Standard Deviation 334 0.62 4.18 0.89 338 0.98 2.54 0.51
Sample Variance 3#2 0.38 3.58 0.80 3.56 0.95 2#8 0.26
Range 3.36 1.86 2.72 2.64 2.74 242 1.92 1.52
Minimum 2.18 2.10 1.98 1.70 1.46 1.44 1.22 1.16
Maximum 2.14 3.96 1.76 4.34 1.60 4.36 1.16 2#8
Count 2.10 15 1.70 15 1.62 15 1.22 15
232 1.86 1.44 1.16
3.04 2.74 2.64 1.78
348 2.60 236 1.50
3.96 332 2.94 2.06
3.40 3.10 2.72 2.02
3.30 3.02 238 2.18
249
86 - Domestic areas surface water- Malali/ Badarawa -  Turbidity (NTU)
DMSW - MBD RW- Tur PI -Tur P2- Tur FW- Tur
241.08 168.20 136.80 1.96
Mean 313.20 313.30 188.20 215&89 82.80 209.35 5J# &48
Median 308.20 316.80 186.20 287.80 84.60 229.40 7.24 7.84
Standard Deviation 284.80 24.08 180.40 51.74 93.20 76.64 8.46 5.03
Sample Variance 337.00 579.74 232.80 2677.08 163.00 5873.14 20.20 2532
Range 320.40 95.92 289.20 137.20 216.00 209.40 20.40 18.44
Minimum 315.20 241.08 277.20 168.20 223.20 8280 11.38 1.96
Maximum 305.40 337.00 299.60 305.40 229.40 292.20 12.24 20.40
Count 311.40 15 305.40 15 292.20 15 10.62 15
316.80 287.80 283.20 8.40
329.40 284.40 269.20 7.84
335.40 295.20 269.00 7.30
327.40 290.00 261.80 6.72
332.00 298.20 263.40 7.26
321.80 300.60 272.40 6.94
87 - Domestic areas surface water- Malali/ Badarawa -  Faecal coliforms (cfu/lOOmL)
DMSW - MBD RW-FC PI -FC P2- FC FW- FC
509.00 484.50 452.00 50.50
Mean 517.00 532.97 488.50 494.57 466.00 476.93 48.00 25.80
Median 509.00 536.00 483.00 493.00 467.50 481.00 57.00 12.00
Standard Deviation 510.00 17.56 491.00 11.27 481.00 12.34 62.50 22.99
Sample Variance 524.00 308.27 499.00 127.07 487.00 152.17 64.00 528.46
Range 569.50 60.50 507.00 40.50 491.00 39.00 20.50 58.50
Minimum 523.50 509.00 483.50 473.00 463.50 452.00 14.50 5.50
Maximum 528.50 569.50 473.00 513.50 460.00 491.00 12.00 64.00
Count 543.50 15 507.00 15 476.00 15 11.00 15
536.00 505.00 486.50 10.00
547.50 513.50 488.50 9.00
546.00 504.50 487.00 8.50
541.00 491.50 476.00 7.50
543.50 494.50 489.50 6.50
546.50 493.00 482.50 5.50
250
- Domestic areas surface water- Hayin Malam Bello -  pH
DMSW - HMB RW- pH PI -pH P2-pH FW-pH
7.50 7.06 7.50 7.40
Mean 7.46 8.44 7.36 7.35 7.64 7.57 7.56 738
Median 21.48 7.50 7.02 7.36 7.36 7.52 838 7.90
Standard Deviation 7.70 3.61 7.42 0.19 738 0.22 7.84 0.40
Sample Variance 7.74 13.04 7.34 0.03 7.40 0.05 8.02 0.16
Range 7.46 14.26 7.16 0.62 7.52 0.70 7.80 1.56
Minimum 7.66 732 7.22 7.02 7.46 7.20 732 6.90
Maximum 7.44 21.48 7.26 7.64 7.40 7.90 7.90 8.46
Count 7.22 15 7.44 15 7.56 15 7.80 15
7.34 7.60 7.72 8.30
7.28 7.64 7.90 8.44
7.56 7.42 736 8.46
7.70 7.50 7.84 738
7.70 7.30 7.20 6.90
7.34 7.54 732 7.90
89 - Domestic areas surface water- Hayin Malam Bello -  Temperature (°C)
DMSW - HMB RW- Temp PI- Temp P2- Temp FW- Temp
27.26 27.70 28.16 28.34
Mean 27.42 2738 27.70 28.30 27.90 28.45 28.10 28.34
Median 27.50 27.70 27.70 28.10 27.70 2830 27.90 2834
Standard Deviation 2738 0.62 28.10 0.59 2830 0.49 2834 1.33
Sample Variance 27.54 0.39 27.72 0.34 27.94 0.24 28.12 1.78
Range 27.64 2.16 27.90 1.96 28.10 1.40 2830 5.51
Minimum 27.70 26.50 27.90 27.70 28.10 27.70 2830 2339
Maximum 27.64 2836 27.90 29.66 28.10 29.10 2830 29.40
Count 2830 15 28.50 15 28.70 15 28.90 15
28.36 28.64 29.10 2936
2838 2834 29.06 2938
26.50 28.70 2834 29.18
2832 2834 2838 29.04
2836 2834 2832 2339
2836 29.66 29.02 29.40
251
90 - Domestic areas surface water- Hayin Malam Bello -  Electrical conductivity (pS/cm)
DMSW - HMB
RW-
EC
PI -
EC
P2-
EC
FW-
EC
822.80 742.60 578.00 670.40
Mean 783.20 717.52 753.40 685.59 623.20 617.73 561.20 675.40
Median 782.40 732.40 729.00 707.00 627.40 627.40 684.00 681.40
Standard
Deviation 759.00 64.91 707.00 62.40 631.40 43.08 687.40 68.88
Sample Variance 782.60
4212.9
7 730.80
3893.3
2 670.00
1856.0
6 799.40
4744.6
9
Range 756.60 192.80 734.40 169.20 653.60 128.60 773.60 238.20
Minimum 748.80 630.00 763.80 594.60 630.20 549.00 707.00 561.20
Maximum 732.40 822.80 723.20 763.80 677.60 677.60 774.40 799.40
Count 709.60 15 697.20 15 676.40 15 699.20 15
674.00 670.00 646.40 681.40
630.00 594.60 575.60 621.80
636.80 598.80 549.00 602.20
657.80 628.40 582.20 612.80
645.00 606.80 562.00 621.20
641.80 603.80 583.00 635.00
91 - Domestic areas surface water- Hayin Malam Bello -  Total dissolved solids (mg/L)
DMSW - HMB
RW-
TDS
PI - 
TDS
P2-
TDS
FW-
TDS
415.20 373.40 287.80 357.60
Mean 354.20 356.23 366.80 342.80 314.20 311.29 285.80 346.08
Median 391.60 346.40 347.40 347.40 322.40 320.20 342.20 349.80
Standard Deviation 374.80 27.71 361.00 26.91 320.20 23.48 349.80 34.95
Sample Variance 385.40 767.64 369.80 724.08 340.60 551.25 401.40
1221.5
4
Range 352.60 92.20 373.40 70.80 331.20 64.80 383.80 115.60
Minimum 344.40 323.00 354.00 302.60 321.00 276.40 380.20 285.80
Maximum 383.00 415.20 371.00 373.40 334.60 341.20 396.00 401.40
Count 345.20 15 337.20 15 341.20 15 361.40 15
345.20 339.60 332.80 354.20
323.00 302.60 290.80 314.00
329.00 306.60 287.40 304.80
346.40 319.60 289.40 313.00
329.80 310.80 276.40 326.60
323.60 308.80 279.40 320.40
252
92 - Domestic areas surface water- Hayin Malam Bello -  Dissolved oxygen (mg/L)
DMSW-HMB RW-DO PI - DO P2- DO FW- DO
6.02 5.56 5.04 4.64
Mean 5.62 5.69 5.30 533 5.32 4.98 432 4.45
Median 5.26 5.62 4.86 5.08 4.72 4.94 333 4.34
Standard Deviation 5.48 0.38 5.04 0.47 4.58 0.47 332 0.53
Sample Variance 5.62 0.15 532 032 5.02 0.22 4.66 0.29
Range 532 1.30 4.90 1.84 4.46 1.46 336 1.74
Minimum 5.30 5.26 4.76 4.62 4.60 4.30 438 332
Maximum 5#6 636 4.62 6.46 4.48 5.76 332 5.56
Count 538 15 5.08 15 4.94 15 4.22 15
5.76 5.34 5.26 4.58
5.84 5.44 538 433
6.30 5.78 5.72 5.18
6.56 6.46 5.76 5.56
5.42 5.06 4.92 4.34
5.30 438 4.30 334
93 - Domestic areas surface water- Hayin Malam Bello -  Biochemical oxygen demand (mg/L)
DMSW - HMB RW- BOD PI - BOD P2- BOD FW- BOD
3.30 3.18 232 236
Mean 332 2.81 2.84 238 3.02 236 2.54 1.77
Median 2.90 230 2.46 236 236 236 1.60 1.66
Standard Deviation 2.74 0.39 2.00 0.48 238 0.35 1.66 0.31
Sample Variance 2.94 0.15 2.32 0.23 2.02 0.13 1.60 0.10
Range 233 1.28 2.58 1.54 2.44 1.26 1.78 1.14
Minimum 2.46 2.02 1.84 1.72 132 1.76 1.66 1.40
Maximum 233 3.30 236 336 2.26 3.02 1.74 2.54
Count 234 15 1.98 15 2.04 15 1.40 15
2.70 2.26 2.26 1.54
2.76 2.42 2.54 1.94
3.08 2.68 236 1.86
3.24 3.26 1.76 1.60
2.02 1.72 138 1.48
2.06 1.76 2.06 1.76
253
94 - Domestic areas surface water- Hayin Malam Bello -  Turbidity (NTU)
DMSW - HMB RW- Tur PI -Tur P2- Tur FW- Tur
214.40 165.40 135.40 834
Mean 239.00 219.20 174.20 182.80 144.00 157.53 8.02 833
Median 217.20 218.20 171.60 182.60 141.20 162.00 8.04 8.44
Standard Deviation 210.80 843 181.40 833 133.80 14.13 7.56 0.89
Sample Variance 221.40 71.05 179.80 64.49 142.80 199.57 6.90 0.79
Range 205.20 3330 189.80 31.20 160.60 42.40 732 3.20
Minimum 214.60 205.20 182.60 165.40 166.80 133.80 9.66 6.90
Maximum 211.00 239.00 180.40 196.60 169.40 176.20 8.44 10.10
Count 213.60 15 182.20 15 174.00 15 8.42 15
220.40 188.80 176.20 10.10
226.60 184.60 164.60 9.42
228.20 187.60 162.00 8.54
218.20 185.60 160.40 7.80
222.00 191.40 165.80 830
225.40 196.60 166.00 932
95 - Domestic areas surface water- Hayin Malam Bello -  Faecal coliforms (cfu/lOOmL)
DMSW - HMB RW- FC PI -FC P2- FC FW- FC
574.50 519.50 437.50 10.50
Mean 600.50 489.40 529.00 457.63 452.00 409.30 12.50 973
Median 550.50 463.50 517.50 430.00 427.00 403.00 9.50 10.00
Standard Deviation 541.50 57.45 514.00 48.73 435.00 29.54 8.00 1.44
Sample Variance 534.50 3300.94 521.00 2374.66 444.50 872.60 7.50 2.07
Range 502.50 166.00 481.00 117.50 440.50 102.50 7.00 5.50
Minimum 493.50 434.50 433.50 411.50 398.50 349.50 9.50 7.00
Maximum 449.50 600.50 422.50 529.00 389.50 452.00 10.50 12.50
Count 439.50 15 419.00 15 349.50 15 10.00 15
446.50 416.00 369.50 10.50
463.50 430.00 401.50 9.00
438.50 419.00 408.50 10.00
434.50 412.00 403.00 10.00
434.50 419.00 389.50 10.00
437.00 411.50 393.50 11.50
254
96 - Domestic areas surface water- Amigo Junction -  pH
DMSW-AJN RW- pH PI -pH P2-pH FW-pH
7.44 7.10 6.30 7.26
Mean 7.70 8#5 7.40 7.37 7.20 7.27 6.90 7.71
Median 7.62 7.70 7.36 7.36 6j& 7.20 7.20 7#8
Standard Deviation 21.52 3.56 7.36 0.19 6.70 0.51 6.90 0.51
Sample Variance 7.82 12.71 7.32 0.04 7.60 0.26 820 0.26
Range 7.70 14.08 7.40 0.68 7.20 1.90 7.40 1.54
Minimum 7.90 7.44 7.40 7.10 7.10 6.30 7.46 6.90
Maximum 8.20 21.52 7.70 7.78 7.50 820 8.10 8.44
Count 7.86 15 7.34 15 7.36 15 8T8 15
7.70 7.20 6.90 7.60
7.98 7 j# 7#8 822
7.44 7.12 6.80 T68
7.60 7.40 7.80 7.90
7.66 7.14 7.84 8.16
7.66 7J8 8.20 8.44
97 - Domestic areas surface water- Amigo Junction -  Temperature (°C)
DMSW - AJN RW- Temp PI - Temp P2- Temp FW- Temp
29.70 30.10 30.20 30.76
Mean 30.14 3028 31.52 31.07 31.90 30.48 32.36 31.15
Median 29.70 30.50 29.90 30.90 29.90 30.90 30.36 31.18
Standard Deviation 29.90 1.58 30.10 0.81 30.30 1.84 30.54 1.34
Sample Variance 30.10 2.49 30.16 0.66 30.30 329 30.60 1.78
Range 30.40 623 30.66 2.60 30.86 6.27 31.12 5.33
Minimum 30.50 25.47 30.72 29.90 30.90 2523 31.16 27.05
Maximum 30.62 32.30 30.84 32.50 31.10 32.10 31.18 3228
Count 30.70 15 30.90 15 31.16 15 31.46 15
25.47 31.30 25.83 31.70
31.30 31.54 31.70 31.90
31.50 31.84 31.98 32.36
31.70 31.90 32.10 3228
31.70 32.06 32.10 32.30
32.30 32.50 2625 27.05
255
98 - Domestic areas surface water- Amigo Junction -  Electrical conductivity (|iS/cm)
DMSW - AJN RW- EC PI - EC P2- EC FW- EC
345.80 337.80 353.00 383.60
Mean 356.80 408.16 331.40 382.28 354.00 384.76 393.20 430.08
Median 362.60 414.40 345.20 381.40 343.60 385.20 401.40 421.60
Standard Deviation 374.20 40.92 364.40 38.68 353.40 3839 402.20 36.40
Sample Variance 351.60 1674.53 324.80 1495.86 319.60 1473.89 372.60 1325.20
Range 414.40 121.00 381.40 121.80 366.80 134.20 415.00 107.20
Minimum 404.60 345.80 350.40 324.80 357.40 319.60 411.00 372.60
Maximum 408.20 466.80 381.00 446.60 392.00 453.80 421.60 479.80
Count 416.40 15 387.40 15 385.20 15 444.00 15
448.60 413.40 421.60 477.00
430.20 408.60 426.80 472.80
452.00 427.40 417.80 468.40
436.20 411.80 417.20 446.20
454.00 422.60 409.20 462.40
466.80 446.60 453.80 479.80
99 - Domestic areas surface water- Amigo Junction -  Total dissolved solids (mg/L)
DM SW -AJN RW- TDS PI-TDS P2- TDS FW- TDS
181.00 168.40 185.60 196.40
Mean 179.40 208.56 137.20 190.88 174.00 192.80 201.20 221.95
Median 182.60 213.40 171.40 189.40 161.00 197.40 208.00 228.20
Standard Deviation 185.00 22.49 184.20 25.44 175.60 22.75 202.80 18.32
Sample Variance 173.60 505.60 164.20 647.23 161.80 517.43 191.80 335.54
Range 221.00 65.20 189.40 92.80 173.40 69.20 231.00 53.40
Minimum 206.20 173.60 182.20 137.20 167.80 161.00 217.80 191.80
Maximum 213.40 238.80 171.00 230.00 199.20 230.20 215.20 245.20
Count 212.60 15 203.20 15 197.40 15 232.60 15
232.40 211.60 214.60 245.20
216.40 208.20 216.40 239.60
231.00 217.80 212.20 239.80
222.40 209.00 213.40 228.20
232.60 215.40 209.40 235.40
23R80 230.00 230.20 244.20
256
100 - Domestic areas surface water- Amigo Junction -  Dissolved oxygen (mg/L)
DMSW-AJN RW- DO PI - DO P2- DO FW- DO
728 6.94 6.52 5.74
Mean 6.84 6.72 6.48 6.31 6.24 5.99 5.46 5.45
Median 6.84 6.68 6.48 6.10 6.00 5.48 5.50
Standard Deviation 7.02 0.37 6.78 0.39 6.70 0.39 526 0.27
Sample Variance 6.54 0.14 5.94 0.15 5.34 0.15 522 0.07
Range 628 1.46 5.86 1.16 528 1.36 5.50 0.92
Minimum 6.40 5^2 528 5.60 5.34 5.12 4.94
Maximum 6.18 728 5.92 6.94 5.54 6.70 4.94 526
Count 5^2 15 5.78 15 5.74 15 5.28 15
6^8 6.00 5.54 5.50
622 6.54 6.12 5.10
6 j# 6.50 6.10 5.50
6.96 6.50 6.42 5.60
6.74 628 528 5.80
6.94 6.60 6.00 522
101 - Domestic areas surface water- Amigo Junction -  Biochemical oxygen demad (mg/L)
DMSW-AJN RW- BOD PI - BOD P2- BOD FW- BOD
4.10 3.78 3.48 2.70
Mean 328 3.59 3.26 322 3.20 223 2.46 2.41
Median 326 3.62 3.60 326 3.10 2.90 2.42 2.46
Standard Deviation 328 0.33 3.74 0.36 3.78 0.43 226 0.29
Sample Variance 326 0.11 226 0.13 222 0.18 2.14 0.09
Range 3.64 1.34 3.02 1.08 226 1.46 222 1.04
Minimum 3.34 2.76 2.70 2.70 222 222 2.10 1.92
Maximum 3.46 4.10 2.88 328 2.44 328 1.92 226
Count 2.76 15 2.72 15 2^2 15 222 15
3.44 2.98 2.52 2 j#
324 3.46 3.14 2.00
3.46 3.26 2.90 2.48
3.84 3.44 3.42 2.60
322 3.38 226 2.78
326 326 228 222
257
102 - Domestic areas surface water- Amigo Junction -  Turbidity (NTU)
DMSW-AJN RW- Tur PI -Tur P2- Tur FW- Tur
87.00 78.80 58.00 11.72
Mean 96.60 91.93 79.60 7628 64.40 62.31 922 929
Median 90.40 93.40 81.60 79.60 71.40 63.60 10.58 9.02
Standard Deviation 93.40 6.79 82.40 8T3 57.60 8.11 826 0.96
Sample Variance 98.00 46.08 86.00 66.10 70.40 6528 820 0.92
Range 103.80 24.40 88.80 26.60 71.20 23.80 9.50 328
Minimum 97.20 79.40 82.00 62.20 69.80 48.20 8.80 8.04
Maximum 95.60 103.80 82.00 88.80 72.00 72.00 928 11.72
Count 89.20 15 80.60 15 67.80 15 8.04 15
80.40 70.40 60.40 9.02
85.20 67.20 54.40 8.70
79.40 62.20 48.20 R48
91.00 63.60 49.80 9.40
96.40 70.40 55.60 824
95.40 77.60 63.60 10.02
103 - Domestic areas surface water- Amigo Junction -  Faecal coliforms (cfu/lOOmL)
DMSW - AJN RW- FC PI -FC P2- FC FW- FC
206.50 171.00 119.00 14.00
Mean 200.00 241.73 159.50 208.43 99.50 170.33 11.00 10.87
Median 223.00 239.50 185.50 205.50 129.50 174.00 12.00 11.00
Standard Deviation 232.00 33.29 190.00 33.72 169.00 38.23 11.00 1.34
Sample Variance 253.00 1108.42 222.50 1136.89 182.00 1461.77 11.00 1.80
Range 259.00 139.50 232.00 144.00 190.00 168.50 12.00 5.50
Minimum 249.00 200.00 185.00 159.50 169.50 99.50 11.50 8.50
Maximum 239.50 339.50 218.00 303.50 159.50 268.00 10.50 14.00
Count 253.00 15 229.00 15 184.00 15 10.00 15
261.00 218.00 194.00 10.50
250.50 213.00 180.50 11.00
224.00 194.00 174.00 9.50
214.00 200.00 161.50 9.00
222.00 205.50 175.00 8.50
339.50 303.50 268.00 11.50
258
104 - Commercial areas surface water- New Panteka- pH
CMSW-NPK RW- pH Pl-pH P2-pH FW- pH
7.63 7.42 7.34 7.07
Mean 7.48 7.50 7.34 7.34 7.26 7.21 7.09 7.06
Median 7.31 7.48 7.24 7.32 7.15 7.23 7.00 7.07
Standard Deviation 7.36 0.16 7.25 0.08 7.27 0.20 7.04 0.11
Sample Variance 7.23 0.03 7.25 0.01 7.11 0.04 6.94 0.01
Range 7.58 0.55 7.46 0.23 6.95 0.73 7.06 0.44
Minimum 7.45 7.23 7.36 7.23 6.86 6.86 7.00 6.79
Maximum 7.34 7.78 728 7.46 6.94 7.59 7.06 7.23
Count 7.36 15 7.23 15 7.14 15 6.79 15
7.45 722 7.22 7.07
7.66 7.43 7.23 7.12
7.52 726 7.31 7.16
7.69 7.42 7.52 7.22
7.78 7.46 7.59 7.23
7.64 7.32 723 7.14
105 - Commercial areas surface water- New Panteka -  Temperature (°C)
CMSW-NPK RW- Temp PI- Temp P2- Temp FW- Temp
24.32 24.08 24.78 25.36
Mean 24.80 23.70 24.64 23^5 24.64 24.24 2448 24.43
Median 2448 24.56 24.56 24.64 24.54 24.66 24.36 24.94
Standard Deviation 26.10 2.20 2548 2.00 2546 1.59 24.94 1.47
Sample Variance 24.56 4.85 24.74 349 24.66 2.54 24.98 2.16
Range 19.60 6.50 20.52 548 22.60 4.34 2348 4.30
Minimum 20.04 19.60 20.46 20.46 22,66 21.90 22.74 22.12
Maximum 21.50 26.10 21.70 26.24 21.90 26.24 22.30 26.42
Count 21.50 15 21.90 15 21.90 15 22.16 15
21.74 21.94 21.94 22.12
24.56 24.80 25.36 25.66
25.96 26.06 26.04 26.20
26.06 26.24 26.24 26.42
25.10 25.30 2546 25.62
24.70 24.88 25.06 25.30
259
106 - Commercial areas surface water- New Panteka -  Electrical conductivity (pS/cm)
CM SW -NPK RW- EC PI - EC P2- EC FW- EC
291.00 297.00 301.20 274.80
Mean 276.00 339.52 282.20 327.44 291.00 318.53 261.40 356.43
Median 269.80 350.60 274.80 9.52 281.60 15.71 318.00 371.40
Standard Deviation 274.00 51.05 294.60 330.60 242.00 334.20 287.40 58.15
Sample Variance 276.40 2605.94 281.60 36.86 267.60 60.85 303.40 3381.27
Range 374.60 155.80 363.60 1358.60 229.40 3702.88 347.00 196.60
Minimum 350.60 269.80 323.80 117.40 222.00 191.00 345.20 261.40
Maximum 348.40 425.60 330.60 274.80 351.60 222.00 371.40 458.00
Count 325.00 15 314.60 392.20 355.80 413.00 374.20 15
355.40 337.00 15 334.20 15 374.20
382.00 353.80 368.20 406.40
369.20 344.20 373.40 412.40
373.60 337.20 357.20 389.00
401.20 384.40 389.80 423.60
425.60 392.20 413.00 458.00
107 - Commercial areas surface water- New Panteka -  Total dissolved solids (mg/L)
CM SW -NPK RW- TDS PI TDS P2- TDS FW- TDS
143.00 145.60 147.80 136.80
Mean 136.00 164.56 140.60 156.12 152.00 159.05 130.60 179.99
Median 134.40 162.60 140.20 151.20 143.60 161.80 159.60 181.00
Standard Deviation 142.20 26.05 155.20 18.40 125.60 27.81 149.40 31.36
Sample Variance 139.60 678.55 149.80 338.51 151.00 773.23 157.80 983.55
Range 185.80 90.40 182.40 70.00 122.00 102.60 175.80 106.20
Minimum 168.40 134.40 155.00 131.80 113.80 113.80 164.80 130.60
Maximum 162.60 224.80 158.20 131.80 163.20 216.40 181.00 236.80
Count 153.60 15 151.20 15 183.40 15 193.20 15
179.80 148.00 164.80 184.20
169.60 158.20 166.00 211.00
159.60 145.20 176.40 216.80
163.40 131.80 161.80 181.60
205.60 178.60 198.00 220.40
224.80 201.80 216.40 236.80
260
108 - Commercial areas surface water- New Panteka -  Dissolved oxygen (mg/L)
CMSW-NPK RW- DO PI - DO P2- DO FW- DO
4.41 4.63 5.12 5.47
Mean 4^2 6 j# 4.65 6.55 4.73 6.31 4.26 5.49
Median 5.90 6j% 5.37 6.39 5.90 6.35 5.37 5.34
Standard Deviation 9.42 1.46 8.38 1.26 7.76 0.94 636 0.63
Sample Variance 2.13 8.74 1.60 838 038 6.34 0.40
Range 5.47 5.01 639 4.11 7.03 3.65 6.16 2.60
Minimum 7.26 4.41 6.52 4.63 6.59 4.73 5.26 4.26
Maximum 7.15 9.42 639 8.74 6.47 838 4.75 636
Count 8.06 15 7.76 15 6.57 15 5.21 15
8.46 8.16 6.50 5.24
5.94 5.54 5.54 5.24
6.12 6.06 5.70 5.23
7.14 638 6.35 5.74
6.37 6.10 532
6^3 6.25 5.90 5.34
109 - Commercial areas surface water- New Panteka -  Biochemical oxygen demand (mg/L)
CMSW-NPK RW- BOD PI-BOD P2- BOD FW- BOD
3.02 3.24 3.04 348
Mean 2.72 3.34 3.08 3.19 34# 3.08 346 2.76
Median 2.91 3.31 2.77 3.20 2.79 3.07 2.46 2.70
Standard Deviation 4.36 0.54 4.00 0.46 4.58 0.51 3.74 0.50
Sample Variance 438 0.29 4.16 0.22 3.70 0.26 342 0.25
Range 2.55 1.83 2.45 1.71 2.94 2.04 242 1.51
Minimum 3.54 2.55 2.71 2.45 3.09 2.54 2.70 243
Maximum 343 4.38 3.22 4.16 3.10 4.58 2.70 3.74
Count 332 15 3.27 15 2.77 15 2.24 15
3.71 3.54 242 243
2.74 2.64 2.54 246
3.13 3.15 249 2.24
3.46 3.13 3.15 245
3.31 3.25 3.16 2.97
3.27 3.20 3.07 249
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110 - Commercial areas surface water- New Panteka- Turbidity (NTU)
CMSW-NPK RW- Tur PI -Tur P2- Tur FW- Tur
66.80 64.00 64.00 21.00
Mean 6240 68.51 57.80 56.65 57.80 52.00 12.60 8^2
Median 68.00 68.00 55.00 57.80 55.00 55.00 10.14 8.94
Standard Deviation 67.60 5.01 60.80 6T8 60.80 8.52 4.54 4.30
Sample Variance 68.60 25.09 58.40 38.21 58.40 72.58 4.02 18.47
Range 72.20 20.20 61.00 24.00 61.00 27.20 7.76 17.28
Minimum 69.80 56.20 55.60 40.00 55.60 36.80 3.72 3.72
Maximum 67.80 76.40 59.40 64.00 59.40 64.00 4.70 21.00
Count 56.20 15 40.00 15 40.00 15 6.30 15
65.60 46.20 46.20 8 j#
67.20 55.20 49.00 8.94
76.20 62.00 46.40 938
70.40 57.40 47.00 7.94
72.00 57.00 3640 10.18
76.40 60.00 42.60 9.06
111- Commercial areas surface water- New Panteka -  Faecal coliforms (cfu/lOOmL)
CMSW-NPK RW-FC PI -FC P2- FC FW- FC
77.50 64.00 53.00 20.50
Mean 20.50 26.47 14.50 18.47 13.00 15.73 17.50 9.90
Median 21.00 23.50 16.00 16.00 13.50 13.00 13.00 6.50
Standard Deviation 20.50 14.43 14.00 12.74 15.00 10.49 16.50 5.51
Sample Variance 16.00 208.16 13.50 162.30 14.50 109.96 14.50 30.33
Range 23.50 61.50 16.00 52.50 17.00 43.50 14.00 16.00
Minimum 27.00 16.00 16.50 11.50 14.00 9.50 8.50 4.50
Maximum 27.00 77.50 16.00 64.00 13.00 53.00 6.00 20.50
Count 22.00 15 13.50 15 12.50 15 6.50 15
26.00 15.00 10.00 6.50
24.50 11.50 9.50 6.50
24.00 18.00 13.00 5.00
25.00 19.00 14.50 4.50
22.50 16.00 12.50 4.50
20.00 13.50 11.00 4.50
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112 - Commercial areas surface water- Yakubu Gowon Way -  pH
CMSW- YGW RW- pH PI-pH P2-pH FW-pH
6.78 7.42 8.14 7.40
Mean 6.74 7.64 7.46 8.01 8.10 8.01 7.50 8.15
Median 6.66 738 7.44 73# 738 8.10 7.36 848
Standard Deviation 7.20 0.63 73# 0.49 7.54 0.36 7.50 0.54
Sample Variance 7.50 0.40 8.20 0.24 736 0.13 7.56 0.29
Range 7.90 1.94 7.24 1.56 8.20 1.10 8.50 1.34
Minimum 8.44 6.66 832 7.24 8.40 7.40 838 736
Maximum 8.44 8.60 832 8#0 8.40 8.50 838 8.70
Count 8.60 15 8#0 15 8.40 15 8.64 15
8.40 8.30 7.40 7.90
7.76 832 7.60 8.50
7.60 8.24 8.50 8.70
7.46 7.56 8.00 838
7.56 73# 8.10 84#
738 7.90 8.10 8.50
113 - Commercial areas surface water- Yakubu Gowon Way -  Temperature (°C)
CMSW- YGW RW- Temp PI - Temp P2- Temp FW- Temp
23.02 23.18 23.02 23.18
Mean 22.24 24.82 22.46 25.03 22.66 25.09 22.74 25.32
Median 22.30 25.70 22.62 25.90 22.74 25.82 22.82 26.30
Standard Deviation 22.40 1.81 22.68 1.81 2232 1.85 22.84 139
Sample Variance 22.50 336 22.50 339 22.52 3.41 22.72 3.56
Range 24.52 4.66 24.70 4.52 24.90 438 25.08 4.60
Minimum 25.50 22.24 25.66 22.46 25#2 22.52 25.94 22.72
Maximum 25.78 26.90 26.06 26.98 26.10 27.10 26.30 27.32
Count 25.70 15 25.90 15 25#2 15 26.30 15
25.70 25.90 25.94 26.30
25.94 26.30 26.34 26.70
2632 26.90 26.90 27.10
26.50 26.70 26.90 27.10
26.70 26.90 27.06 2732
26.90 263# 27.10 27.30
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114 - Commercial areas surface water- Yakubu Gowon Way -  Electrical conductivity (pS/cm)
CMSW- YGW RW-EC PI -EC P2- EC FW- EC
228.80 249.60 307.40 403.00
Mean 235.20 307.67 255.60 299.04 309.00 318.45 373.80 363.71
Median 230.80 301.40 252.80 316.60 300.80 307.40 341.20 373.80
Standard Deviation 243.20 61.92 265.80 40.60 293.00 35.97 332.20 32.39
Sample Variance 254.00 3833.69 264.20 1648.32 295.40 1293.83 335.40 1048.87
Range 259.20 169.60 256.20 95.80 274.00 117.40 325.60 105.60
Minimum 2M30 228.80 262.40 249.60 249.60 249.60 305.40 305.40
Maximum 398.40 398.40 345.40 345.40 367.00 367.00 411.00 411.00
Count 301.40 15 344.00 15 301.40 15 344.00 15
33830 316.60 304.40 348.80
357.60 325.00 345.40 378.00
373.00 341.20 362.20 389.80
358.00 326.80 352.40 379.40
369.00 334.80 354.00 388.00
374.40 345.20 360.80 400.00
115 - Commercial areas surface water- Yakubu Gowon Way -  Total dissolved solids (mg/L)
CMSW- YGW RW- TDS PI -TDS P2- TDS FW- TDS
117.40 127.20 157.00 206.40
Mean 119.80 153.12 130.80 150.53 164.60 161.72 189.40 183.07
Median 119.00 155.40 131.80 146.20 161.60 161.60 189.00 189.00
Standard Deviation 128.40 25.34 146.20 17.05 161.20 14.88 165.00 14.83
Sample Variance 132.40 642.15 143.80 290.65 165.60 221.44 175.00 219.95
Range 135.80 71.60 133.60 49.60 141.40 44.40 164.80 47.40
Minimum 153.20 117.40 133.60 127.20 139.60 139.20 159.00 159.00
Maximum 155.40 189.00 142.80 176.80 139.20 183.60 170.20 206.40
Count 172.60 15 161.40 15 149.40 15 175.60 15
173.20 162.80 155.60 175.80
178.00 164.20 171.80 189.60
189.00 172.40 181.20 193.20
168.20 161.60 173.20 192.00
174.20 169.00 180.80 195.60
180.20 176.80 183.60 205.40
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116 - Commercial areas surface water- Yakubu Gowon Way -  Dissolved oxygen (mg/L)
CMSW-YGW RW-DO PI -DO P2- DO FW- DO
6.20 7.52 7.78 5.14
Mean 6.10 629 7.10 6.04 7.20 5.99 5.42 4.74
Median 6.14 622 6.80 6.10 7.06 5.90 5.50 4.78
Standard Deviation 622 0.42 6.20 0.78 6.40 0.89 4.20 0.70
Sample Variance 6.00 0.18 5.48 0.61 6.30 0.79 4.58 0.49
Range 622 1.66 5.56 32# 528 3.40 4.98 2.76
Minimum 6^2 5.26 6 j# 4.44 5#8 4.38 5.42 2.74
Maximum 6.72 622 6.40 7.52 52# 7.78 4.78 5.50
Count 6.54 15 5.90 15 5.36 15 4.22 15
6.18 5.60 5.40 4.72
5.26 4.44 4.38 2.74
5 j# 5.24 526 4.54
626 5.52 5.30 4.50
628 6.10 5.90 5.36
6.70 622 628 5.04
117- Commercial areas surface water- Yakubu Gowon Way -  Biochemical oxygen demand (mg/L)
CMSW-YGW RW- BOD PI - BOD P2- BOD FW- BOD
3.14 3.70 3#8 228
Mean 3.06 328 3.52 223 3.16 2.91 2.60 2.18
Median 3.10 3.10 3.36 3.00 32# 2.90 2.64 2.24
Standard Deviation 2.90 0.27 3.06 0.41 3.36 0.55 222 0.46
Sample Variance 2.90 0.07 2.56 0.17 328 0.30 2.50 0.21
Range 3.10 0.90 2.62 1.32 2.46 1.74 2.24 1.48
Minimum 3.50 2.90 3.24 228 2.90 2.24 2.50 1.30
Maximum 322 3.80 3.00 3.70 2.94 32# 2 j# 228
Count 3.20 15 2.84 15 226 15 1.84 15
3.06 2.56 2.24 1.76
222 2.38 228 1.30
2.94 2.46 2 j# 2.16
326 2.48 226 1.32
3#0 3.10 2#6 2.36
3.56 3.10 2.94 2.04
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118 - Commercial areas surface water- Yakubu Gowon Way -  Turbidity (NTU)
CMSW- YGW RW- Tur PI -Tur P2- Tur FW- Tur
47.80 31.80 15.20 5.76
Mean 51.00 62.56 47.20 48.89 40.80 38.00 31.00 11.91
Median 54.00 64.60 49.60 49.60 45.00 39.40 26.40 7#2
Standard Deviation 56.20 7.36 50.20 5.42 42.80 7.79 10.84 7^9
Sample Variance 67.40 54.21 53.40 29.35 42.40 60.64 12.04 63.91
Range 6R60 25.80 49.40 24.60 44.00 29.80 22.40 25.24
Minimum 70.20 47.80 49.40 31.80 37.20 15.20 11.44 5.76
Maximum 65.60 73.60 45.40 56.40 38.60 45.00 9.02 31.00
Count 73.60 15 47.80 15 26.20 15 7.72 15
64.60 56.40 44.80 7#2
66.60 50.40 39.60 7.48
59.60 49.40 39.20 6 j#
63.60 50.00 38.00 6.98
66.20 49.80 39.40 6#8
63.40 53.20 36.80 626
119 - Commercial areas surface water- Yakubu Gowon Way -  Faecal coliforms (cfu/lOOmL)
CMSW- YGW RW- FC PI -FC P2- FC FW- FC
469.50 416.00 224.50 49.50
Mean 451.00 448.67 415.00 412.83 250.50 352.70 50.50 25.57
Median 445.50 446.00 414.00 414.50 257.00 369.50 51.50 11.00
Standard Deviation 446.00 15.29 409.50 7.75 350.00 61.19 60.50 24.01
Sample Variance 445.50 233.85 412.00 60.10 385.50 3744.14 74.50 576.39
Range 420.00 57.00 403.00 28.00 367.00 194.50 13.50 69.00
Minimum 440.00 420.00 396.50 396.50 363.00 224.50 13.50 5.50
Maximum 446.50 477.00 404.50 424.50 328.50 419.00 11.00 74.50
Count 461.00 15 406.50 15 372.50 15 10.50 15
469.50 414.50 369.50 10.50
477.00 424.50 397.50 10.50
443.00 417.00 403.50 8.50
430.00 419.00 397.50 7.50
437.00 424.50 419.00 6.00
448.50 416.00 405.00 5.50
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120 - Commercial areas surface water- Zango Tudun Wada -  pH
CMSW - ZTD RW-pH Pl-pH P2-pH FW- pH
7.16 842 8.34 8.02
Mean 7.46 7.48 8.34 735 838 8.17 8.46 834
Median 7.40 7.48 828 736 8.40 8.24 832 8.44
Standard Deviation 7.46 0.16 7.84 0.25 820 0.27 8.42 0.22
Sample Variance 7.54 0.03 728 0.06 8.10 0.07 830 0.05
Range 7.48 0.66 7.74 038 830 1.00 8.50 0.70
Minimum 7.48 7.16 7.86 7.46 8.14 7.40 830 736
Maximum 7.70 732 7.90 8.34 830 8.40 836 836
Count 7.40 15 7.90 15 830 15 8.54 15
7.56 7.48 820 8.46
7.82 736 824 8.44
7.28 7.46 7.40 736
736 7.56 7.70 728
7.54 728 8.16 8.34
7.54 748 8.34 8.46
121 - Commercial areas surface water- Zango Tudun Wada -  Temperature (°C)
CMSW - ZTD RW- Temp PI - Temp P2- Temp FW- Temp
2736 27.78 28.14 28.62
Mean 27.78 27.97 27.98 28.24 28.14 28.31 28.64 2832
Median 27.44 27.72 27.70 28.10 27.84 28.14 28.12 2832
Standard Deviation 27.50 0.54 27.58 038 27.74 0.46 27.94 0.49
Sample Variance 27.50 0.29 27.70 0.33 27.90 0.21 28.10 0.24
Range 27.70 1.52 28.10 1.90 27.94 1.42 28.30 1.60
Minimum 27.72 27.44 28.16 27.58 2834 27.74 28.64 27.94
Maximum 27.62 2826 27.92 29.48 28.10 29.16 28.30 29.54
Count 27.50 15 27.76 15 27.94 15 28.28 15
27.90 28.10 28.06 28.30
28.50 28.70 28.90 29.30
28.50 28.84 2834 29.16
2834 28.94 2836 28.96
28.60 28.86 2832 29.06
28.96 29.48 29.16 29.54
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122 - Commercial areas surface water- Zango Tudun Wada -  Electrical conductivity (pS/cm)
CMSW - ZTD RW-EC PI - EC P2- EC FW- EC
389.60 386.00 363.20 415.00
Mean 407.00 398.07 397.20 372.73 374.00 377.17 442.60 412.83
Median 407.00 400.40 394.40 383.80 376.40 378.20 421.00 415.00
Standard Deviation 411.80 14.39 385.40 25.12 384.80 9.69 424.40 17.40
Sample Variance 424.60 207.02 404.80 631.04 393.20 93.80 437.60 302.61
Range 409.80 51.20 399.40 79.00 387.60 31.80 426.60 59.20
Minimum 395.60 373.40 381.80 325.80 375.60 361.40 401.60 383.40
Maximum 407.40 424.60 387.20 404.80 380.40 393.20 420.80 442.60
Count 405.40 15 383.80 15 366.20 15 423.00 15
388.80 338.60 361.40 405.40
373.40 325.80 366.80 389.80
374.80 348.40 379.00 396.40
3&L60 344.00 390.60 383.40
391.80 358.20 378.20 395.00
400.40 356.00 380.20 409.80
123 - Commercial areas surface water- Zango Tudun Wada -  Total dissolved solids (mg/L)
CMSW - ZTD RW- TDS PI -TDS P2- TDS FW- TDS
193.80 193.80 184.20 212.80
Mean 211.80 203.32 200.80 190.75 187.80 188.03 231.40 212.52
Median 215.20 206.00 205.20 193.80 189.80 189.80 213.80 212.80
Standard Deviation 210.80 10.95 193.40 13.36 186.40 6.59 223.00 10.69
Sample Variance 220.40 119.85 208.60 178.40 196.60 43.48 222.00 114.33
Range 211.40 37.00 205.80 41.00 194.00 22.20 224.20 38.60
Minimum 204.00 183.40 198.40 167.60 193.40 174.40 207.40 192.80
Maximum 209.20 220.40 198.00 208.60 189.80 196.60 219.20 231.40
Count 208.80 15 194.60 15 174.40 15 215.80 15
198.40 168.20 180.60 210.60
183.40 167.60 176.80 198.40
184.40 179.60 188.40 203.80
194.40 173.40 195.40 192.80
197.80 187.60 190.20 200.00
206.00 186.20 192.60 212.60
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124 - Commercial areas surface water- Zango Tudun Wada -  Dissolved oxygen (mg/L)
CMSW - ZTD RW- DO PI - DO P2- DO FW- DO
6.54 628 5.90 5.44
Mean 7.44 6^2 &96 623 6.48 5.91 6.00 5.39
Median 626 6.54 5.78 6.18 5.46 528 5.02 5.44
Standard Deviation 6.10 0.44 5.58 0.52 5.38 0.49 4.76 0.44
Sample Variance 6.52 0.19 5.84 0.27 5.74 0.24 4.90 0.19
Range 6.10 1.42 5.48 1.48 5.42 1.70 4.96 1.32
Minimum 6 j# 6.02 6.18 5.48 6.10 5.00 5.62 4.76
Maximum 7.14 7.44 &96 62# 6.64 6.70 6.08 6.08
Count 6.90 15 6.80 15 6.20 15 5.70 15
6#6 626 5.80 5.18
7.26 6.54 6.70 522
6.74 6.86 622 5.60
6A8 6.14 5.80 5.66
626 6.04 528 5.32
6.02 528 5.00 4.80
125 - Commercial areas surface water- Zango Tudun Wada -  Biochemical oxygen demand (mg/L)
CMSW - ZTD RW- BOD PI - BOD P2- BOD FW- BOD
322 3T8 222 2.34
Mean 4.26 3.39 3.88 3.03 3.20 2.79 2.90 229
Median 3.16 3.26 2.62 2.94 2.62 222 1.94 2.34
Standard Deviation 228 0.38 2.40 0.52 1.98 0.45 1.58 0.45
Sample Variance 326 0.14 2.66 0.27 226 0.20 1.70 0.20
Range 3.04 1.38 2.44 1.48 222 1.50 1.84 1.34
Minimum 3.18 2.88 2.76 2.40 22# 1.98 2#2 1.58
Maximum 3.94 4.26 3.76 328 3^2 3^2 222 222
Count 3.70 15 3.66 15 3.10 15 2.64 15
3.48 3.06 222 2.04
3.46 2.70 328 2.64
328 3.86 3.14 2.52
3.32 2.96 2.74 2.54
3.24 2.94 2.76 222
3.00 2.54 2.02 1.74
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126 - Commercial areas surface water- Zango Tudun Wada -  Turbidity (NTU)
CMSW - ZTD RW- Tur PI - Tur P2- Tur FW- Tur
265.40 211.00 159.80 8J2
Mean 246.20 249.37 221.40 205.15 157.40 164.59 8.42 822
Median 244.80 246.20 210.60 209.80 153.80 161.60 7.84 824
Standard Deviation 243.20 9.90 212.20 10.26 170.60 10.13 828 022
Sample Variance 234.60 97.97 209.80 105.32 170.40 102.69 7.84 028
Range 243.00 30.80 215.20 32.00 157.60 33.00 10.68 224
Minimum 244.00 234.60 204.60 189.40 148.00 148.00 10.30 7.84
Maximum 238.00 265.40 197.20 221.40 154.60 181.00 9.52 10.68
Count 241.60 15 189.40 15 177.40 15 8.50 15
246.40 195.80 181.00 822
253.80 196.40 172.40 922
264.40 192.00 158.80 8#4
264.80 192.80 161.60 822
257.20 213.40 166.20 9.18
253.20 215.40 179.20 8.54
127 - Commercial areas surface water- Zango Tudun Wada -  Faecal coliforms (cfu/lOOmL)
CMSW - ZTD RW- FC PI - FC P2- FC FW- FC
205.00 179.50 96.50 R50
Mean 195.50 234.03 175.50 205.50 100.00 170.40 8.50 7.53
Median 214.00 231.00 185.00 209.50 158.50 171.00 7.00 8.00
Standard Deviation 218.00 22.27 191.50 16.69 152.50 36.67 6.50 1.25
Sample Variance 231.00 495.80 198.00 278.71 158.00 1344.51 5.50 1.55
Range 237.50 77.00 205.00 57.00 154.50 116.00 5.50 3.50
Minimum 226.00 195.50 209.50 175.50 157.00 96.50 6.50 5.50
Maximum 222.50 272.50 205.00 232.50 171.00 212.50 6.00 9.00
Count 224.50 15 214.00 15 181.00 15 8.50 15
238.00 212.00 196.00 8.50
250.00 213.50 204.00 9.00
260.00 224.00 210.00 8.00
252.00 214.50 209.00 8.00
264.00 223.00 212.50 8.00
272.50 232.50 195.50 9.00
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128 - Commercial areas surface water- Bakin Ruwa- pH
CMSW-BKR RW-pH Pl-pH P2-pH FW-pH
7.50 7.40 6.90 7.10
Mean 7.44 7#2 7.26 7.36 6.90 7.09 6.70 7.49
Median 7.36 7.60 7.16 7.40 636 6.90 7.36 738
Standard Deviation 7.52 0.17 7.16 0.17 6.46 0.42 738 0.57
Sample Variance 7.46 0.03 7.16 0.03 6.48 0.17 636 0.33
Range 7.70 0.54 7.40 0.56 6.90 1.38 7.10 1.90
Minimum 7.90 736 7.60 7.14 6.90 6.46 7.30 6.36
Maximum 7.54 7.90 7.40 7.70 7.50 7.84 7.76 836
Count 7.50 15 7.70 15 7.84 15 836 15
7.60 7.40 7.40 7.90
7.84 7.50 7.24 7.76
7.84 7.40 7.66 836
7.64 7.14 6.70 7.02
7.62 7.46 7.10 7.90
7.82 7.30 7.46 836
129 - Commercial areas surface water- Bakin Ruwa- Temperature (°C)
CMSW - BKR RW- Temp PI- Temp P2- Temp FW- Temp
31.50 31.94 32.34 3238
Mean 31.66 31.25 32.04 31.17 32.16 31.35 3228 31.59
Median 30.92 31.50 31.40 31.40 31.58 31.58 31.92 31.92
Standard Deviation 30.70 0.66 31.06 1.40 31.12 1.49 31.46 1.47
Sample Variance 30.30 0.44 30.62 1.95 30.86 223 31.12 2.15
Range 30.38 1.80 30.64 5#8 30.94 6.07 31.22 6.03
Minimum 30.50 30.30 30.74 26.62 30.92 26.43 31.36 26.67
Maximum 30.90 32.10 31.10 32.30 31.30 32.50 31.50 32.70
Count 30.50 15 30.90 15 31.10 15 31.50 15
31.58 31.84 32.10 32.30
31.90 32.10 26.43 26.67
31.90 32.10 32.30 32.50
32.10 32.30 32.50 32.70
31.90 26#2 32.30 32.50
31.96 32.10 32.30 32.50
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130 - Commercial areas surface water- Bakin Ruwa- Electrical conductivity (pS/cm)
CMSW - BKR RW- EC PI-EC P2- EC FW- EC
437.20 420.40 430.60 456.60
Mean 427.40 460.59 408.80 427.64 429.00 433.47 468.60 483.32
Median 455.00 460.00 431.80 425.40 441.00 428.40 481.60 485.00
Standard Deviation 460.00 16.52 441.60 12.28 470.40 18.86 495.20 15.55
Sample Variance 483.20 272.95 447.40 150.72 478.60 355.78 503.20 241.83
Range 473.60 55.80 425.40 41.80 412.80 65.80 497.60 48.80
Minimum 445.40 427.40 415.20 408.80 413.20 412.80 468.40 454.40
Maximum 471.80 483.20 450.60 450.60 425.20 478.60 491.40 503.20
Count 482.20 15 435.20 15 414.40 15 498.80 15
466.00 426.20 435.60 485.00
477.40 420.00 441.80 500.60
470.00 421.60 427.20 488.00
447.60 418.00 427.00 454.40
452.40 417.20 428.40 481.80
459.60 435.20 426.80 478.60
131 - Commercial areas surface water- Bakin Ruwa- Total dissolved solids (mg/L)
CM SW -BKR RW- TDS PI -TDS P2- TDS FW- TDS
222.20 214.40 216.00 234.40
Mean 216.80 234.81 214.40 220.31 217.00 221.47 237.60 248.12
Median 236.60 236.40 225.40 218.00 224.40 218.80 242.60 246.80
Standard Deviation 232.20 &27 226.20 &84 242.20 9.79 262.00 9.54
Sample Variance 236.80 68.33 234.20 46.82 243.60 95.88 261.40 91.03
Range 245.00 28.60 218.00 21.60 216.40 34.00 257.40 29.80
Minimum 229.80 216.80 212.60 212.60 209.60 209.60 240.40 232.20
Maximum 241.00 245.40 230.40 234.20 217.60 243.60 254.80 262.00
Count 245.20 15 225.00 15 210.20 15 254.20 15
236.40 217.00 221.40 246.80
245.40 221.80 227.20 257.40
239.60 213.80 218.80 248.20
229.80 215.20 219.60 232.20
230.20 213.00 219.20 246.00
235.20 223.20 218.80 246.40
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132 - Commercial areas surface water- Bakin Ruwa- Dissolved oxygen (mg/L)
CMSW - BKR RW-DO PI - DO P2- DO FW- DO
6J8 6.68 6.40 6.00
Mean 7.24 6.77 6.80 6J6 6.14 6.01 5.78 5.44
Median 7.08 6J8 &28 6.34 6.40 5.90 5.78 5.40
Standard Deviation 7.10 0.40 6.90 0.45 6.06 0.32 5^8 0.34
Sample Variance 7.18 0.16 &98 0.20 6.70 0.10 6.04 0.12
Range 7.34 1.56 &88 1.58 6.34 1.12 5.60 1.00
Minimum 6.92 5J8 6.62 5.40 5.94 5^8 5.40 5.04
Maximum 6.66 7.34 6.34 6 j# 5^2 6.70 5.12 6.04
Count 6J8 15 6.02 15 5 j# 15 5.04 15
6.52 6.34 5jW 5.18
6.52 6.14 5.78 5.40
6.40 5.90 5.58 5.18
6.74 6.02 5.90 532
6J6 6.04 5.72 5.06
5J8 5.40 5#6 5.08
133 - Commercial areas surface water- Bakin Ruwa- Biochemical oxygen demand (mg/L)
CMSW-BKR RW- BOD PI-BOD P2- BOD FW- BOD
3.54 3.62 336 2.90
Mean 4.14 3.94 3.70 336 3.18 233 2.74 2.37
Median 4.08 3.78 3.26 3.34 338 2.90 2.76 2.30
Standard Deviation 330 1.01 3.68 0.43 3.14 0.34 2.64 0.36
Sample Variance 333 1.01 3.86 0.19 338 0.11 233 0.13
Range 3.90 4.60 3.64 1.48 332 1.06 2.54 1.02
Minimum 4.02 2.74 3.48 238 3.20 2.46 2.30 1.96
Maximum 338 7.34 3.34 336 236 332 2.00 233
Count 3.72 15 3.02 15 2.72 15 1.96 15
3.50 3.34 232 233
3.42 3.10 238 236
7.34 236 2.54 2.06
332 3.02 2.90 232
338 2.90 2.70 2.00
2.74 238 2.46 2.02
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134 - Commercial areas surface water- Bakin Ruwa- Turbidity (NTU)
CMSW-BKR RW- Tur PI - Tur P2- Tur FW- Tur
98.80 57.80 34.20 7.30
Mean 97.40 8838 87.20 70.75 70.40 56.84 7.96 836
Median 103.20 86.80 72.40 71.20 68.00 57.00 7.48 8.42
Standard Deviation 95.00 7.78 75.20 6.70 57.60 8.21 7.94 0.55
Sample Variance 86.00 60.59 71.60 44.83 56.00 67.47 9.16 0.30
Range 95.60 28.40 74.20 29.40 59.80 36.20 8.42 1.86
Minimum 86.00 74.80 69.80 57.80 62.40 34.20 832 7.30
Maximum 80.40 103.20 65.00 87.20 55.40 70.40 738 9.16
Count 83.00 15 69.00 15 57.80 15 838 15
84.80 64.80 51.60 8.70
74.80 63.60 52.20 8.80
82.40 71.20 53.00 832
88.00 72.40 57.00 838
86.80 71.00 56.40 832
91.00 76.00 60.80 8.34
135 - Commercial areas surface water- Bakin Ruwa- Faecal coliforms (cfu/lOOmL)
CMSW - BKR RW- FC PI - FC P2- FC FW- FC
249.50 221.00 194.50 6.00
Mean 260.00 275.20 215.00 22833 202.00 200.63 9.50 9.57
Median 263.00 269.50 210.50 221.50 180.50 202.00 7.50 10.00
Standard Deviation 290.00 15.64 260.00 16.18 210.50 7.84 7.00 1.60
Sample Variance 300.50 244.53 262.00 261.66 199.50 61.52 9.50 2.57
Range 289.00 51.00 247.50 51.50 204.00 31.50 10.50 5.50
Minimum 267.50 249.50 217.50 210.50 204.50 180.50 10.00 6.00
Maximum 257.00 300.50 227.50 262.00 208.00 212.00 10.50 11.50
Count 264.50 15 237.00 15 212.00 15 11.50 15
269.50 228.00 202.00 10.50
279.00 219.00 193.50 10.50
269.50 214.00 197.50 11.50
281.50 221.50 205.00 10.50
290.50 219.50 195.50 9.50
297.00 228.00 200.50 9.00
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136 - Industrial areas surface water- Farin Gida Mando -  pH
INSW - FGM R W -pH P l-p H P 2-pH F W -pH
7.62 7.52 7.50 7.21
Mean 7.56 7.51 738 7.35 7.44 7.24 7.13 7.03
Median 7.44 7.52 7.35 7.35 7.30 1.24 7.14 7.04
Standard Deviation 7.62 0.12 737 0.13 7.41 0.13 7.17 0.11
Sample Variance 7.55 0.01 7.35 0.02 7.32 0.02 7.15 0.01
Range 736 0.46 738 0.53 7.20 0.44 7.06 0.36
Minimum 7.57 7.26 7.43 7.15 7.24 7.07 7.03 635
Maximum 7.35 7.72 7.21 738 7.15 7.50 6.93 7.21
Count 7.44 15 7.23 15 i . n 15 6^3 15
7.49 7.15 7.07 635
7.72 7.32 7.13 6.90
733 7.36 7.25 7.11
7.45 7.26 7.25 6.91
7.52 7.35 7.16 7.04
7.44 7.31 7.11 6.94
137 - Industrial areas surface water- Farin Gida Mando -  Temperature (°C)
INSW - FGM RIT- Tewp Pi- iew/7 P2- Temp PIF- Temp
23.76 23.72 25.62 24.80
Mean 25.58 23.71 23.66 23.88 26.56 24.22 24.06 24.46
Median 25.02 24.80 24.60 24.60 24.88 24.88 24.76 24.76
Standard Deviation 24.86 2.31 24.98 1.99 24.26 2.07 24.54 1.61
Sample Variance 24.70 5.33 24.84 3.94 24.42 4.30 25.24 2.61
Range 19.58 6.70 20.72 534 20.88 5.84 23.12 438
Minimum 19.54 19.54 20.42 20.42 20.72 20.72 22.14 21.66
Maximum 22.56 26.24 22.90 26.26 22.82 26.56 23.22 26.54
Count 21.70 15 21.82 15 22.10 15 22.48 15
20.68 21.42 21.46 21.66
24.80 25.32 25.56 25.90
25.96 26.10 25.94 26.30
26.24 26.26 26.44 26.54
25.40 25.56 25.58 25.90
25.32 25.82 26.04 26.24
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138 - Industrial areas surface water- Farin Gida Mando -  Electrical conductivity (pS/cm)
INSW - FGM RW -E C P I -E C P 2-E C F IV-EC
279.00 274.20 279.40 259.80
Mean 271.80 317.65 266.20 290.77 270.60 317.20 253.60 353.80
Median 282.40 271.80 264.80 264.80 322.40 270.60 340.00 339.20
Standard Deviation 258.00 116.46 241.80 99.52 249.80 103.03 272.40 102.39
Sample Variance 248.20 13563.36 228.80 9903.99 226.60 10615.93 256.60 10483.15
Range 146.20 333.60 170.00 255.20 227.20 239.80 339.20 241.40
Minimum 216.40 146.20 199.60 170.00 228.60 225.00 347.60 253.60
Maximum 239.60 479.80 207.80 425.20 232.20 464.80 281.00 495.00
Count 217.60 15 197.00 15 225.00 15 256.20 15
254.40 205.60 230.20 266.00
477.40 422.20 464.80 491.60
474.80 420.60 460.00 495.00
479.80 419.60 449.60 488.40
467.00 425.20 456.20 475.20
452.20 418.20 435.40 484.40
139 - Industrial areas surface water- Farin Gida Mando -  Total dissolved solids (mg/L)
INSW - FGM RW- TDS P I -TDS P2- TDS FW- TDS
137.40 135.00 140.00 127.60
Mean 135.80 174.28 132.80 149.33 133.80 166.19 124.20 187.47
Median 145.20 137.40 132.80 132.80 169.40 134.00 171.80 167.40
Standard Deviation 137.40 56.22 125.60 51.24 134.00 53.00 154.20 57.79
Sample Variance 127.00 3161.13 119.80 2625.34 113.20 2808.56 127.60 3339.11
Range 175.20 135.40 89.40 131.80 113.20 132.40 167.40 147.60
Minimum 121.80 120.40 118.00 89.40 126.60 113.20 156.40 124.20
Maximum 136.60 255.80 89#0 221.20 124.80 245.60 167.40 271.80
Count 120.40 15 101.80 15 126.80 15 135.20 15
133.00 112.20 130.00 162.60
252.60 221.20 245.60 271.80
252.00 220.60 241.40 264.20
255.80 220.60 238.00 266.80
252.00 214.20 231.20 253.60
232.00 206.40 224.80 261.20
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140 - Industrial areas surface water- Farin Gida Mando -  Dissolved oxygen (mg/L)
INSW - FGM RW -D O P I -D O P 2 -D 0 FW -D O
526 5.39 528 5.97
Mean 5.57 7.04 5.33 6.71 5.11 6.59 5.51 5.73
Median 6.52 7.11 5.67 627 7.00 6.64 5.46 5.95
Standard Deviation 826 1.08 822 0.98 8.10 1.03 626 0.63
Sample Variance 9.50 1.16 822 0.96 9.00 1.06 6.30 0.39
Range 6.55 4.24 7.46 329 7.08 329 5.34 2.04
Minimum 7.59 5.26 6.90 5.33 6.76 5.11 5.21 4.40
Maximum 7.14 9.50 6.61 822 5.64 9.00 4.40 6.44
Count 6.94 15 626 15 6.14 15 5.64 15
6.47 6.13 5.48 4.67
6.29 5.75 629 5.95
7.25 7.13 6.64 6.19
7.11 627 6.43 6.17
721 7.06 629 628
l A l 7.06 628 6.44
141 - Industrial areas surface water- Farin Gida Mando -  Biochemical oxygen demand (mg/L)
INSW - FGM RW -BOD P I-B O D P 2 -B 0 D FW -BO D
2.07 322 220 3.06
Mean 2.14 3.30 229 3.25 2.19 3.09 223 227
Median 228 3.34 222 3.13 2.70 3.12 228 2.94
Standard Deviation 4.62 0.67 4.50 0.51 3.80 0.50 3.56 0.47
Sample Variance 4.36 0.45 4.34 0.26 4.18 0.25 3.70 0.22
Range 2.76 2.55 3.00 1.98 3.04 1.99 228 1.77
Minimum 3.25 2.07 3.13 222 3.12 2.19 2.71 1.93
Maximum 325 4.62 225 4.50 2.64 4.18 2.17 3.70
Count 329 15 3.24 15 3.18 15 3.02 15
3.34 3.20 2 j2 1.93
3.42 2.94 325 2.44
2 A l 3.11 3.30 2.94
3.53 3.13 327 2.76
3.34 3.31 3.29 3.11
3.53 3.09 3.27 3.17
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142 - Industrial areas surface water- Farin Gida Mando -  Turbidity (NTU)
INSW - FGM RW- Tur P I-T u r P2- Tur FW- Tur
58.60 57.00 50.40 20.40
Mean 57.40 71.37 57.40 6028 56.00 48.65 11.14 823
Median 79.00 67.60 63.20 63.20 57.60 56.00 6.40 828
Standard Deviation 70.00 23.00 66.40 18.99 56.00 19.11 828 3.74
Sample Variance 67.60 528.83 64.60 360.63 56.20 365.10 7.34 13.98
Range 42.40 69.00 38.00 55.20 33.60 56.00 4.76 15.64
Minimum 47.60 42.40 38.80 31.80 26.80 14.40 722 4.76
Maximum 50.40 111.40 39.80 87.00 26.00 70.40 5.72 20.40
Count 52.40 15 39.80 15 20.20 15 4.78 15
48.00 31.80 14.40 7.78
99.20 85.20 66.80 822
102.20 87.00 70.40 8.70
111.40 83.20 65.40 9.34
95.80 77.20 69.80 10.36
88.60 74.80 60.20 922
143 - Industrial areas surface water- Farin Gida Mando -  Faecal coliforms (cfli/lOOmL)
INSW - FGM RW -F C P I-F C P 2-F C F W -F C
77.50 64.00 53.00 20.50
Mean 20.50 26.47 14.50 18.47 13.00 15.73 17.50 9.90
Median 21.00 23.50 16.00 16.00 13.50 13.00 13.00 6.50
Standard Deviation 20.50 14.43 14.00 12.74 15.00 10.49 16.50 5.51
Sample Variance 16.00 208.16 13.50 162.30 14.50 109.96 14.50 30.33
Range 23.50 61.50 16.00 52.50 17.00 43.50 14.00 16.00
Minimum 27.00 16.00 16.50 11.50 14.00 9.50 8.50 4.50
Maximum 27.00 77.50 16.00 64.00 13.00 53.00 6.00 20.50
Count 22.00 15 13.50 15 12.50 15 6.50 15
26.00 15.00 10.00 6.50
24.50 11.50 9.50 6.50
24.00 18.00 13.00 5.00
25.00 19.00 14.50 4.50
22.50 16.00 12.50 4.50
20.00 13.50 11.00 4.50
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144 - Industrial areas surface water- Kudandan Industrial Area -  pH
INSW-KIA RW- p H P l-p H P 2 -p H F W -pH
836 838 1.22
Mean 838 7.75 836 8.01 832 823 7.34 838
Median 8.50 7.56 8.66 830 838 830 7.50 826
Standard Deviation 7.72 0.44 830 0.54 8.30 0.37 7.62 0.56
Sample Variance 7.56 0.19 832 0.29 7.70 0.14 722 0.31
Range 7.50 1.30 7.90 1.84 8.30 0.98 834 1.48
Minimum 7.54 7.20 7.64 7.02 8.20 7.70 8.50 7.22
Maximum 720 8.50 7.02 836 7.72 838 826 8.70
Count 720 15 7.10 15 7.70 15 7.90 15
7.44 7.60 7.90 826
7.50 7.90 8.40 8.64
7.58 8.34 838 8.60
7.52 7.58 7.76 8.44
7.90 8.30 830 8.70
8.20 830 8.50 8.70
145 - Industrial areas surface water- Kudandan Industrial Area -  Temperature (°C)
INSW-KIA RW- Temp P I- Temp P2- Temp FW- Temp
22.42 22.82 22.82 23.10
Mean 22.56 24.84 22.84 25.03 23.06 25.09 23.10 25.31
Median 22.42 25.70 22.70 25.74 22.64 25.86 22.84 26.10
Standard Deviation 22.42 138 22.50 1.88 22.44 1.88 22.70 1.88
Sample Variance 22.06 3.52 22.10 3.52 22.14 332 22.50 332
Range 24.98 4.92 25.08 5.16 25.42 434 25.50 4.80
Minimum 25.54 22.06 25.74 22.10 25.90 22.14 26.10 22.50
Maximum 25.70 26.98 25.54 27.26 25.82 26.98 25.94 27.30
Count 25.90 15 26.10 15 26.10 15 26.30 15
25.70 25.90 25.86 26.10
26.10 26.30 26.50 26.90
26.50 26.70 26.90 27.10
26.70 26.94 26.90 27.10
26.98 27.26 26.98 27.30
26.66 26.90 26.90 27.10
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146 - Industrial areas surface water- Kudandan Industrial Area -  Electrical conductivity (pS/cm)
INSW-KIA RW -E C P I - E C P 2-E C FW -E C
365.40 395.00 206.00 349.40
Mean 379.00 380.39 390.20 364.57 295.20 342.69 358.00 392.97
Median 384.60 379.00 384.40 348.20 306.40 351.60 363.00 394.80
Standard Deviation 398.60 18.17 387.20 30.47 340.40 49.19 399.80 26.22
Sample Variance 370.80 330.20 348.20 928.44 339.00 2419.89 379.60 687.27
Range 407.20 61.40 395.20 78.00 417.40 211.40 447.20 97.80
Minimum 413.00 351.60 405.80 328.40 411.40 206.00 430.20 349.40
Maximum 398.40 413.00 345.40 406.40 367.00 417.40 411.00 447.20
Count 371.20 15 337.40 15 348.80 15 384.00 15
354.40 329.00 338.80 383.40
368.00 328.40 354.60 381.40
383.20 340.20 353.00 399.60
373.20 329.00 353.60 394.80
351.60 406.40 351.60 406.40
387.20 346.80 357.20 406.80
147 - Industrial areas surface water- Kudandan Industrial Area -  Total dissolved solids (mg/L)
INSW-KIA RW- TDS P I -TDS P 2-E C FW- TDS
173.40 200.60 108.60 175.80
Mean 187.40 191.20 199.40 180.80 152.60 178.19 185.00 203.03
Median 187.20 189.00 188.40 175.00 180.40 180.40 222.20 199.80
Standard Deviation 197.40 10.73 187.40 15.34 187.40 23.64 202.00 15.04
Sample Variance 184.00 115.11 175.00 235.18 184.60 558.89 199.60 226.27
Range 207.60 40.60 204.40 44.20 210.00 101.80 229.60 53.80
Minimum 214.00 173.40 205.20 161.00 210.40 108.60 220.80 175.80
Maximum 193.60 214.00 173.00 205.20 187.80 210.40 213.80 229.60
Count 185.60 15 167.20 15 179.20 15 195.60 15
176.00 168.00 174.40 189.00
189.00 168.60 175.60 193.80
195.20 172.80 179.20 199.80
185.00 161.00 181.00 194.40
194.60 166.00 178.60 211.80
198.00 175.00 183.00 212.20
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148 - Industrial areas surface water- Kudandan Industrial Area -  Dissolved oxygen (mg/L)
INSW - KIA RW -D O P I -D O P2- DO FW -D O
5.46 5.06 5.32 2^4
Mean 5.20 6.18 4.60 5.60 4.60 5.16 2.76 4.01
Median 5.52 6.10 4.90 5.56 528 522 3.24 4.32
Standard Deviation 6.10 Oj# 5^8 0.74 4.68 0.53 322 0.76
Sample Variance 8 j# 0.77 6.94 0.55 5.44 0.28 4.56 0.58
Range 5.56 3.30 5.04 2.40 4.30 1.96 3.42 2.24
Minimum 5.18 5.18 4.54 4.54 4.20 4.20 3.50 2.64
Maximum 6.90 8 j# 6.46 6.94 526 6.16 428 428
Count 7J8 15 628 15 6.16 15 4.76 15
6.42 622 528 4.80
5 j# 5.54 5.18 4.60
628 5.76 5.44 4.44
6.12 5.72 522 4.32
6.30 5.56 5.12 4.22
5.90 5.36 5.10 4.56
149 - Industrial areas surface water- Kudandan Industrial Area -  Biochemical oxygen demand (mg/L)
INSW-KIA RW -BOD P I-B O D P 2 -B 0 D FW- BOD
326 3.04 322 1.74
Mean 2.90 3.43 2.44 3.01 2.42 2.75 1.66 1.97
Median 326 328 2.74 224 328 222 2.12 1.74
Standard Deviation 3.30 0.50 2.84 0.55 2.50 0.57 1.30 0.53
Sample Variance 4.24 0.25 3A8 0.30 228 0.33 222 028
Range 3.54 1.50 222 1.90 2.44 1.84 2.06 1.48
Minimum 328 228 326 222 3.12 1.78 2.44 1.30
Maximum 326 4.38 3.50 4.22 328 322 2J8 228
Count 4.18 15 322 15 3J2 15 2.76 15
4.38 4.22 322 2J8
3.10 226 2.50 1.70
3.24 222 2.52 1.52
22# 2.70 2.14 1.50
228 2.54 2.10 1.42
228 222 1.78 1.50
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150 - Industrial areas surface water- Kudandan Industrial Area -  Turbidity (NTU)
INSW-KIA RW- Tur P I-T u r P2- Tur FW- Tur
151.80 139.20 36.00 3.54
Mean 147.40 158.09 123.80 130.21 75.60 97.56 5 j# 9.09
Median 150.40 162.20 121.80 129.80 67.80 103.00 8^2 832
Standard Deviation 139.80 9.84 115.40 8A8 74.80 26.30 14.60 4.12
Sample Variance 144.20 96.74 129.80 71.85 127.00 691.46 15.40 17.01
Range 153.60 30.00 124.80 26.60 84.40 91.00 18.80 15.26
Minimum 166.20 139.80 134.40 115.40 94.60 36.00 10.46 3.54
Maximum 169.60 169.80 133.60 142.00 89.80 127.00 838 18.80
Count 165.00 15 129.40 15 103.00 15 8.12 15
155.00 122.20 111.80 8.60
162.20 120.80 107.40 7.70
169.20 134.40 122.40 63%
163.40 142.00 126.20 638
163.80 140.00 120.20 638
169.80 141.60 122.40 6.16
151- Industrial areas surface water- Kudandan Industrial Area -  Faecal coliforms (cfu/lOOmL)
INSW-KIA RW -F C P I-F C P 2-F C F W -F C
729.00 565.50 406.50 59.50
Mean 749.50 737.27 704.00 680.73 421.00 591.53 60.00 2837
Median 740.00 749.50 700.00 704.00 508.00 587.00 60.00 14.00
Standard Deviation 660.50 39.93 655.50 60.73 543.50 104.01 62.50 2632
Sample Variance 629.00 1594.17 636.50 3687.82 547.50 10818.45 81.00 719.09
Range 769.50 147.00 554.00 179.50 507.00 302.00 21.00 75.00
Minimum 748.00 629.00 617.00 554.00 549.50 406.50 16.00 6.00
Maximum 776.00 776.00 699.50 733.50 587.00 708.50 14.00 81.00
Count 749.50 15 712.00 15 622.00 15 12.00 15
767.00 733.50 699.50 10.50
756.00 723.50 696.00 9.50
753.00 730.50 678.00 8.50
739.00 723.50 702.00 8.00
743.50 729.50 697.00 6.00
749.50 726.50 708.50 6.00
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152 - Industrial areas surface water- River Kaduna Unguwan Muazu -  pH
INSW-RKM RW- p H P l-p H P 2 -p H F W -pH
736 8.20 838 8.18
Mean 7.48 7.71 8.46 7.96 838 838 8.50 833
Median 732 1.16 832 836 8.40 830 830 8.50
Standard Deviation 7.56 0.17 7.84 0.36 8.10 0.40 8.50 0.52
Sample Variance 7.76 0.03 8.16 0.13 8.30 0.16 8.50 0.27
Range 7.90 0.46 830 1.06 8.30 1.26 8.50 1.80
Minimum 7.50 7.44 8.20 7.40 8.10 7.20 8.50 6.90
Maximum 7.60 7.90 830 83# 7.90 836 830 8.70
Count 7.66 15 7.76 15 836 15 8.66 15
7.62 7.78 8.40 8.60
7.90 830 836 8.70
7.80 7.40 7.50 7.20
7.90 7.50 7.50 830
7.44 7.66 738 8.12
7.90 7.40 7.20 6.90
153 - Industrial areas surface water- River Kaduna Unguwan Muazu -  Temperature (°C)
INSW-RKM RW- Temp P I- Temp P2- Temp
27.70 27.90 27.86 28.52
Mean 27.82 28.11 2738 31.77 28.14 28.48 28.54 28.76
Median 27.66 27.82 27.90 2738 27.98 28.18 28.30 28.54
Standard Deviation 27.70 0.50 27.90 13.55 28.18 0.55 28.30 0.55
Sample Variance 27.70 0.25 27.90 183.62 27.90 0.31 28.14 0.30
Range 27.70 1.24 27.90 53.02 28.14 1.34 28.30 1.34
Minimum 27.50 27.50 27.70 27.70 27.90 27.86 28.10 28.06
Maximum 27.50 28.74 27.70 80.72 27.90 29.20 28.06 29.40
Count 28.50 15 28.56 15 28.70 15 29.10 15
28.58 28.74 29.06 29.36
28.58 28.74 29.06 29.28
28.58 80.72 28.94 29.38
28.74 2938 29.14 29.36
28.68 2832 29.20 29.26
28.68 28.90 29.14 29.40
283
154 - Industrial areas surface water- River Kaduna Unguwan Muazu -  Electrical conductivity (pS/cm)
INSW-RKM R W -E C P I -E C P 2-E C F W -E C
575.00 632.00 734.60 521.60
Mean 585.20 530.67 663.80 528.89 746.80 564.65 536.60 529.28
Median 590.20 525.00 629.00 517.00 726.40 503.60 559.40 521.60
Standard Deviation 594.60 55.01 635.60 8934 740.80 131.80 569.80 40.35
Sample Variance 603.60 3025.74 643.00 8071.59 723.40 17372.52 574.00 1627.86
Range 585.80 136.40 558.20 236.60 582.00 323.00 592.00 115.80
Minimum 560.80 467.20 531.40 427.20 566.40 423.80 594.40 478.60
Maximum 525.00 603.60 517.00 663.80 503.60 746.80 541.80 594.40
Count 469.80 15 463.00 15 467.80 15 504.60 15
470.80 449.20 457.00 495.20
479.40 427.20 444.60 497.40
490.80 437.20 458.40 478.60
482.00 445.40 464.20 490.80
467.20 443.80 430.00 484.20
479.80 457.60 423.80 498.80
155 - Industrial areas surface water- River Kaduna Unguwan Muazu -  Total dissolved solids (mg/L)
INSW-RKM RW- TDS P I -TDS P2- TDS FW- TDS
289.20 316.80 369.80 274.40
Mean 295.00 269.35 343.80 267.15 379.60 285.20 287.20 266.73
Median 297.80 262.60 320.20 253.60 354.80 253.60 296.20 274.20
Standard Deviation 296.80 24.12 321.80 46.33 377.60 66j# 275.60 25.51
Sample Variance 307.40 581.64 327.20 2146.36 380.60 4473.62 281.80 650.60
Range 289.00 70.80 281.00 127.20 286.00 171.00 297.00 94.40
Minimum 270.80 236.60 253.60 216.60 274.80 209.60 295.60 202.60
Maximum 262.60 307.40 257.00 343.80 253.60 380.60 274.20 297.00
Count 257.60 15 237.00 15 237.80 15 258.60 15
247.20 233.40 240.00 263.20
247.40 222.80 227.40 202.60
253.00 216.60 234.00 240.00
244.40 226.00 230.80 251.20
236.60 226.80 221.60 246.60
245.40 223.20 209.60 256.80
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156 - Industrial areas surface water- River Kaduna Unguwan Muazu -  Dissolved oxygen (mg/L)
INSW-RKM RW-DO P I - D O P 2-D 0 FW-DO
822 7.46 7.04 6.56
Mean 7.44 7.07 7.24 6.61 6.94 6.34 6j% 5.74
Median 7.60 7.16 7.18 6#2 6.92 6.26 6.32 5.44
Standard Deviation 7.96 0.71 7.80 0.65 7.56 0.62 7.14 0.72
Sample Variance i . n 0.50 6.48 0.42 6.24 0.38 5.72 0.51
Range 7.20 2.50 6.76 2.34 6.68 2.50 6.14 2J6
Minimum 6.54 5.72 5.84 5.46 5.70 5.06 5.06 4.78
Maximum 5.76 822 5 j# 7.80 5.76 7.56 5.30 7.14
Count 6.60 15 6#8 15 6.26 15 5.72 15
728 6.74 6.10 5.40
7.16 6.62 6%8 5.24
5.72 5.46 5.06 4.78
6j% 5.92 6.12 5J8
7.04 6.44 6J6 5.44
7.64 6.70 6.08 5.02
157 - Industrial areas surface water- River Kaduna Unguwan Muazu -  Biochemical oxygen demand 
(mg/L)
INSW-RKM RW-BOD P I -BOD P2- BOD FW- BOD
4.20 4.18 4.02 3.52
Mean 3.44 3#3 328 3.12 332 2.97 3.12 2^3
Median 3j% 3.46 3%8 3%2 3.30 23# 2.74 232
Standard Deviation 4.26 0.51 4.10 0.52 3^3 0.48 3.16 0.46
Sample Variance 3.44 0.26 2#6 0.27 2.40 0.23 2.06 0.21
Range 3.08 1.68 2.72 1.80 2.72 1.98 2.12 1.52
Minimum 3.18 2.58 2.70 238 2#2 2.04 2.00 2.00
Maximum 2J8 4.26 2.70 4.18 2.56 4.02 2.20 3.52
Count 3.30 15 3%2 15 23# 15 2.52 15
4.06 3.50 2.94 232
3#6 3%2 3.22 2.14
2.70 238 2.04 2.20
3.46 2J8 23# 2.16
3J6 3.24 3.18 238
3 j# 236 238 238
285
158 - Industrial areas surface water- River Kaduna Unguwan Muazu -  Turbidity (NTU)
INSW-RKM RJV- Tur P I -Tur P2- Tur FW- Tur
224.00 170.80 113.40 6.16
Mean 231.20 242.41 178.80 193.97 118.00 163.24 6.52 8.71
Median 234.80 234.80 179.20 198.20 126.00 174.60 6.04 9.74
Standard Deviation 226.80 16.19 185.40 12.58 122.00 28.95 632 1.88
Sample Variance 232.00 262.08 188.00 158.27 174.60 838.36 7.46 333
Range 227.20 49.40 212.00 41.20 179.60 86.80 8T2 4.90
Minimum 227.40 224.00 202.80 170.80 171.60 113.40 7.30 6.04
Maximum 232.00 273.40 200.60 212.00 173.60 200.20 10.94 10.94
Count 239.40 15 203.40 15 180.40 15 10.52 15
249.20 210.40 200.20 10.34
260.40 181.20 152.60 9.78
262.00 198.20 181.60 10.06
273.40 194.80 182.40 10.90
256.20 200.40 185.00 10.32
260.20 203.60 187.60 9.74
159 - Industrial areas surface water- River Kaduna Unguwan Muazu -  Faecal coliforms (cfu/lOOmL)
INSW-RKM RW -F C P I-F C P 2-F C F W -F C
349.50 319.50 237.00 9.50
Mean 326.50 384.50 309.00 350.30 219.00 268.83 9.50 9j^
Median 359.00 388.50 329.00 327.00 224.50 237.00 8.50 9.50
Standard Deviation 349.50 36.11 327.00 44.45 233.50 61.05 8.50 2.10
Sample Variance 343.00 1303.61 316.00 1975.60 243.00 3727.63 8.00 4.41
Range 366.50 124.00 322.00 115.00 214.50 163.00 7.50 6.50
Minimum 370.00 326.50 316.00 302.00 218.00 214.50 6.50 6.50
Maximum 397.00 450.50 309.00 417.00 223.00 377.50 7.50 13.00
Count 399.00 15 302.00 15 229.00 15 10.50 15
433.50 409.00 246.00 12.50
450.50 417.00 339.00 13.00
420.00 412.50 317.00 12.50
413.50 405.50 377.50 11.50
401.50 390.00 377.00 10.50
388.50 371.00 334.50 12.00
286
160 - Industrial areas surface water- River Kaduna Tirkania -  pH
INSW - RKT R W -pH P I-p H P 2 -p H F W -pH
7J8 7.50 7.34 7.34
Mean 7.50 7.59 7.60 7.39 7.10 7.53 7.90 7.84
Median 7.52 7#8 7.32 7J% 7.14 7.40 7.26 7.90
Standard Deviation 7.90 0.16 1.20 0.34 7.10 0.60 6.60 0.70
Sample Variance 7.78 0.03 7.36 0.12 6.84 0.36 6.74 0.49
Range 7.40 0.62 7.16 1.36 6.76 1.74 7J# 2.02
Minimum 7.60 728 7.20 6.80 7.40 6.52 7.80 6.60
Maximum 7%8 7.90 6.80 8.16 6.52 8%6 7%6 8#2
Count 7.44 15 8.02 15 8.14 15 8 j# 15
7.50 8.16 8%6 8#2
7.50 7.20 7.90 8.30
7.70 7.30 7.90 8.40
7#8 7.16 8.10 8.50
7.64 7.46 8.20 8J#
7.78 7.36 8.20 8.50
161 - Industrial areas surface water- River Kaduna Tirkania -  Temperature (°C)
INSW - RKT RW- Temp P I- Temp P2- Temp FW- Temp
31.68 32.08 32.10 26.66
Mean 31.84 31.27 31.96 31.51 32.10 31.69 32.36 31.20
Median 31.84 31.30 32.06 31.50 32.12 31.62 32.50 31.84
Standard Deviation 31.10 0.59 31.30 0J8 31.60 0.55 31.90 1.96
Sample Variance 30.50 0.35 30.70 0.34 30.94 0.30 31.34 3 j#
Range 30.70 2.00 31.06 1.92 31.38 1.82 31.50 6#3
Minimum 30.62 30.50 30.90 30.70 30.90 30.90 31.16 26.43
Maximum 30.62 32.50 30.84 32.62 31.06 32.72 31.28 33.06
Count 30.70 15 30.90 15 31.10 15 31.50 15
30.90 31.18 31.50 31.84
31.30 31.50 31.62 31.86
31.50 31.70 31.90 32.10
31.50 31.76 32.06 26.43
31.72 32.10 32.30 32.50
32.50 32.62 32.72 33.06
287
162 - Industrial areas surface water- River Kaduna Tirkania -  Electrical conductivity (pS/cm)
INSW - RKT R W -E C P I - E C P 2-E C FW -E C
494.40 475.40 466.80 516.40
Mean 518.60 472.40 482.60 443.28 452.40 438.60 542.40 490.09
Median 509.60 475.40 467.40 443.60 451.00 436.80 495.80 486.20
Standard Deviation 495.40 35.27 477.20 23.82 451.80 13.15 465.00 20.63
Sample Variance 475.40 1243.79 443.60 567.61 436.80 172.83 474.40 425.80
Range 461.40 154.80 421.80 67.60 416.80 50.00 481.00 77.40
Minimum 363.80 363.80 415.00 415.00 424.20 416.80 469.40 465.00
Maximum 458.80 518.60 419.40 482.60 437.80 466.80 477.00 542.40
Count 482.40 15 455.80 15 441.20 15 489.40 15
487.80 447.80 434.40 497.60
472.60 443.60 432.00 485.60
473.60 434.80 432.00 502.00
456.40 417.60 428.60 486.20
459.60 415.80 426.60 466.60
476.20 431.40 446.60 502.60
163 - Industrial areas surface water- River Kaduna Tirkania -  Total dissolved solids (mg/L)
INSW - RKT RW- TDS P I- TDS P2- TDS FW- TDS
251.80 235.80 243.40 218.40
Mean 263.80 244.40 246.80 226.52 233.40 224.08 278.40 247.25
Median 248.20 243.80 240.20 227.00 229.60 222.20 250.60 245.40
Standard Deviation 251.80 10.10 243.80 11.61 231.00 8.01 237.20 13.02
Sample Variance 243.60 101.91 230.00 134.88 218.60 64.15 242.20 169.45
Range 237.60 36.40 215.80 33.80 212.40 31.00 245.00 60.00
Minimum 227.40 227.40 214.20 213.00 216.40 212.40 241.80 218.40
Maximum 232.20 263.80 213.40 246.80 222.20 243.40 245.00 278.40
Count 244.40 15 233.40 15 226.00 15 254.40 15
249.00 227.20 222.60 245.40
240.60 227.00 217.20 247.40
240.40 223.00 221.00 260.20
231.80 213.00 219.40 247.20
259.60 213.00 219.20 238.60
243.80 221.20 228.80 257.00
288
164 - Industrial areas surface water- River Kaduna Tirkania -  Dissolved oxygen (mg/L)
INSW-RKT RW -D O P I -D O P 2 -D 0 FW -D O
7J8 630 6.64 636
Mean 7.26 6.71 6.86 6.15 6.14 5.80 5.12 5.23
Median 7.36 6.74 7.02 6.10 6.60 5.74 6.04 5.18
Standard Deviation 6.74 0.43 5.74 0.48 5.30 0.43 4.90 0.46
Sample Variance 6.68 0.19 6.10 0.23 5.90 0.18 5.10 0.21
Range 6.74 1.38 6.30 1.56 5.74 1.68 536 1.88
Minimum 6.84 6.00 6.16 5.46 532 4.96 538 4.38
Maximum 7.02 738 638 7.02 5.80 6.64 5.48 636
Count 6.18 15 5.70 15 5.74 15 5.18 15
6.12 5.56 5.70 5.10
6.00 5.46 4.96 438
6.54 536 5.64 5.08
6jW 6.42 5.80 5.20
638 6.02 5.60 4.76
636 536 5.58 5.26
165 - Industrial areas surface water- River Kaduna Tirkania -  Biochemical oxygen demand (mg/L)
INSW - RKT RW -BOD P l-B O D P2- BOD FW- BOD
333 3.64 3.44 238
Mean 3.66 3^3 3.42 3.01 2.80 238 238 2.06
Median 4.10 336 332 3.02 3.20 232 2.84 238
Standard Deviation 3.34 0.48 2.46 0.44 2.02 0.39 1.58 0.35
Sample Variance 3.72 0.23 238 0.19 232 0.16 1.90 0.12
Range 3.72 1.68 3.18 1.50 2.50 1.56 2.20 1.40
Minimum 3.80 2.42 3.12 2.14 238 138 2.12 1.44
Maximum 4.06 4.10 3.40 3.64 232 3.44 238 234
Count 3.12 15 236 15 2.74 15 2.10 15
3.02 332 236 2.06
2.42 2.14 138 1.44
3.14 232 2.60 2.02
3.80 3.42 2.90 2.08
233 232 2.40 1.62
338 230 238 2.12
289
166 - Industrial areas surface water- River Kaduna Tirkania -  Turbidity (NTU)
INSW - RKT RW- Tur P I -Tur P2- Tur FW- Tur
261.20 200.20 89.00 8.10
Mean 288.80 299.15 268.80 258.43 148.40 204.76 9.06 9.06
Median 266.20 298.60 215.00 265.80 174.00 216.40 7.42 836
Standard Deviation 271.00 21.97 235.00 27.46 196.40 44.15 838 0.99
Sample Variance 291.40 482.79 239.20 754.17 202.20 1949.18 830 0.99
Range 298.60 71.00 274.40 106.40 184.00 177.40 9.12 332
Minimum 289.80 261.20 240.60 200.20 244.00 89.00 1.16 7.42
Maximum 291.20 332.20 264.40 306.60 242.60 266.40 836 10.74
Count 311.80 15 270.00 15 230.60 15 10.46 15
327.40 265.80 197.20 10.74
322.00 263.80 216.40 10.38
332.20 276.40 220.60 10.04
311.80 280.60 222.00 830
306.20 275.60 237.60 8.50
317.60 306.60 266.40 936
167 - Industrial areas surface water- River Kaduna Tirkania -  Faecal coliforms (cfu/lOOmL)
INSW-RKT RW -F C P I-F C P 2-F C F W -F C
460.00 404.50 356.00 10.50
Mean 453.00 458.27 404.50 418.60 267.50 330.10 11.00 10.93
Median 455.50 457.00 427.00 420.00 374.00 329.00 9.00 10.50
Standard Deviation 470.00 17.46 440.00 17.03 358.00 23.70 10.50 1.27
Sample Variance 463.00 304.78 436.50 290.04 329.00 561.47 10.50 1.60
Range 439.00 67.00 399.00 58.00 329.00 106.50 11.50 4.50
Minimum 415.00 415.00 382.00 382.00 315.00 267.50 9.50 9.00
Maximum 443.00 482.00 408.00 440.00 328.50 374.00 9.50 13.50
Count 452.00 15 419.00 15 339.00 15 13.50 15
457.00 421.00 322.00 12.50
479.50 434.00 333.50 12.50
478.50 436.50 329.00 12.00
457.00 410.00 319.00 11.00
482.00 420.00 329.00 10.50
469.50 437.00 323.00 10.00
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A ppendix B -  P ictures o f th e R esearch W ork
(1) Bakin Ruwa (CMSW -  BKR)
■a.
j-sss; " V -
■M
_
(2) New Panteka (CMSW-NPK)
. ' ■;
296
(3) Refinery drains (RASW/RD)
(4) Confluence of Refinery drains and River Romi (RASW/CRD)
297
(5) Hayin Banki (DNSW-HBK)
(6) New Panteka (CM SW -NPK)
298
(7) New Panteka (CMGW-NPK)
i
(8) Farin Gida Mando (DMGW-NPK)
\  ■ #
■jr^ .
■ *; "!# # K
299
(9) Malali/ Badarawa (DMSW-MBD)
1
(10) Abuja Road Rigasa (DM GW -ARR)
300
(11) Yakubu Gowon Way (CMSW-YGW)
i» t
' 4 '"  .
(12) A sekolaye Badiko (CM SW -ASB)
301
(13) River Kaduna Tirkania (INSW-RKT)
(14) Amigo Junction (DMSW-AJN)
302
(15) Zango Tudun Wada (CMSW-ZTD)
i
(16) Kudandan Industrial Area (INSW-KIA)
303
y  ; V  ^:
f t Y .
%
i j n  '
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(17) Research accessories (jerry can containers)
m
l à
(18) Research accessories (Vehicles for samples transportation)
304
(19) Raw water sample loading on to the filtration system
w
ë
305
(20) Multi filtration system set up
a
(21) On site determination of pH, temperature, EC, TDS and turbidity
(22) Sample preparation for trace elements determination
306
307
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